also | 
erns 
arts | 
self. | 


 self- 
d by 


ss die i 
(S*) | 


el der 


ourbe © 
ar des 


lation, 
radiol. 


ate. I. | 
curve. 


ACTA RADIOLOGICA 


EDITA IUSSU SOCIETATUM RADIOLOGICARUM 
DANIAE, FENNIAE, NORVEGIAE ET SUECIAE 


VOL. 48 DECEMBER 1957 FASC. 6 


THE VALUE OF THE ‘HALO SIGN’ IN THE DIAG- 
NOSIS OF INTRA-UTERINE FOETAL DEATH 


by 


Ulf Borell and Ingmar Fernstrém 


In 1947, Deve. described a new roentgenographic sign which he con- 
sidered to be diagnostic of intra-uterine foetal death and which he termed 
‘Heiligenschein’. He stated that whereas in the live foetus roent- 
genograms show the subcutaneous fat of the scalp as a translucent line 
directly in contact with the cranial vault, in the dead foetus a space 
can be seen between the fat and the bones, producing a ‘halo’ effect. 
Deve. based the sign on a study of four cases, and believed that this 
space results from shrinkage of the brain and subsequent falling in of 
the bones of the cranial vault. 

HELLMAN and Irvine (1938) described another halo sign, 7. e. a trans- 
lucency lying close to the cranial vault bones, which they considered 
to be diagnostic of hydrops foetalis. The present authors, however, 
agree with BoLtpERo and Kemp (1950) and ENestr6ém and ForsBERG 
(1958) that this sign is not diagnostic of hydrops foetalis because good 
roentgenograms taken towards the end of pregnancy also show the sub- 
cutaneous fat of the scalp as a translucent line directly in contact with 
the cranial vault bones in the normal live foetus. The term ‘halo sign’ 
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should therefore be used only to denote the translucency separated from 
the bones of the cranial vault seen in the dead foetus. 

Several authors including NEUWEILER (1949), ScuinTz (1952), and 
Ho (1957), in their investigations of the roentgenographic diagnosis 
of intra-uterine foetal death, mentioned DEUEL’s sign, and expressed 
the view that it was an unusual phenomenon. 

The present authors have seen the halo sign comparatively frequently 
on re-examining roentgenograms in cases of intra-uterine foetal death 
and felt that it was worthy of further investigation. To this end a series 
of cases of intra-uterine death was studied. 


Material and methods 


The material consisted of 42 cases of intra-uterine foetal death 
encountered in the years from 1943 to 1957. Foetal death had occurred 
between the 7th and 10th lunar month of pregnancy. The interval bet- 
ween death of the foetus and roentgenographic examination of the mother 
varied between two hours and four weeks. 


No uniform roentgenographic technique had been used. In 27 cases 
either antero-posterior or lateral films of the maternal abdomen or pelvis 
had been taken, so that the foetal head could be seen only in a single 
projection. In 15 cases both a. p. and lateral films of the maternal 
abdomen and pelvis were available, and the foetal head could therefore 
be studied in two projections. In a few exceptional cases a localized, 
or ‘coned down’, view of the foetal head had also been obtained. 


Roentgenograms of the abdomen and pelvis of 763 women taken 
between the 7th and 10th lunar months of pregnancy, and roentgeno- 
grams obtained in 49 women in labour at the time of the passage of 
the head through the inlet, mid-pelvis, and outlet, respectively, were 
re-examined. This was done to investigate whether DEUEL’s sign is 
invariably absent in the live foetus and to study the normal appearances 
of the subcutaneous fat of the foetal scalp. 


Findings 


In normal cases in which the foetal head was projected free from 
the maternal bony and thick soft parts, subcutaneous fat of the scalp 
was often visible as a translucent line as early as the 7th lunar month of 
pregnancy. During the last two lunar months of gestation the amount 
of subcutaneous fat was found to increase and was clearly seen around 
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the foetal head in practically all cases 
(Figs. 1 and 2). 

In films taken prior to labour 
this translucent line was constantly 
observed to lie directly against the 
cranial bones except in the region of 
the nape of the neck and the chin, 
where a variable space was visible bet- 
ween them (Fig. 3). 

At the beginning of labour the 
subcutaneous fat was found to lie  Fig.1. Sinciput of a new-born live infant. 
directly adjacent to the bone. This Roentgenography was carried out with 
was also observed to be true at the this part of the foetal skull under water. 
The subcutaneous fat (arrows) lies 
time of moulding of the head which directly against the underlying bone. 
generally results in level differences 
between the parietal bone and the 
frontal and occipital bones in the vertex-occiput presentation (Fig. 4). 
Towards the end of labour a caput succedaneum usually forms on the 
presenting part. Where it was formed, the subcutaneous fat of the scalp 
was seen to be raised away from the underlving bone, making a dome- 
shaped bulge (Figs. 5 and 6). 

The halo was observed in 14 of 42 cases of intra-uterine foetal death. 
Where intra-uterine foetal death had occurred less than 48 hours prior 
to the roentgenographic examination the halo was not visible. Where 
the foetus had been dead one week or more, a space was visible between 
the subcutaneous fat and the underlying bone in xbout half the cases 
in this group. This space was demonstrated as early as the 7th month 
of pregnancy. 


Fig. 2. A. p. view of pelvic inlet, at term; live foetus. The subcutaneous 
fat (—) lies directly against the underlying bone. Layer of fat (+) 
extends along outside of uterine wall. 
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Fig. 3. Lateral view of abdomen, during labour at term; live foetus. 

Subcutaneous fat in region of chin (—) and in region of nape of 

neck (+). Space between subcutaneous fat and bone in these areas. 

In remainder of skull the subcutaneous fat lies directly against 
the bone. 


The appearance of the halo in the cases of intra-uterine foetal death 
in this series, when visible, was characteristic. The subcutaneous fat of 
the scalp was seen as a translucency extending along and parallel to the 
underlying bone and separated from the latter by a variable space. This 
was not like the localized dome-shaped separation, observed in the 
region of a caput succedaneum (Figs 7 to 10). 

Of the 28 cases of intra-uterine death in which the halo was not 
visible, subcutaneous fat was demonstrated in 13. Its roentgenographic 


appearance was practically identical with that observed in the live 
foetuses in this series. 


Discussion 


The investigation has shown that DEUEL’s halo sign is of considerable 
diagnostic value in intra-uterine foetal death. It is interesting to note 
that it is seen relatively early, 7. e. before marked deformity of the foetal 
head occurs; it was demonstrated in about 30 per cent of the cases in 
this series. Comparing its incidence with that of other generally accepted 
signs of intra-uterine foetal death encountered in ‘this series, it was 
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Fig. 4 (Top). A. p. view of true pelvis during labour at term; live foetus. Level 
differences between the parietal and frontal bones (+). Within area cf coronal suture, 
subcutaneous fat (+) lying directly against the bone despite moulding of foetal head. 


Fig. 5 (Bottom). Film taken with the cranial vault under water; new-born live infant, 
age 2 hrs. Subcutaneous fat (—) around the caput succedaneum, raised from underlying 
bone and forming a dome-shaped bulge. 


Fig. 6. A. p. view of pelvis taken at term, towards the end of labour when the foetal 

head was at the level of the pelvic floor; live foetus. Subcutaneous fat (arrows) around 

the caput succedaneum, raised from the underlying bone and forming a dome-shaped 
bulge. In other parts of the skull it is seen to lie directly against the bone. 
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found that gas was present in the foetal 
blood vessels in about 35 per cent, and 
deformity of the head diagnostic of 
foetal death in about 17 per cent of the 
cases. 

In 3 cases, the halo was the only 
roentgenographic sign of intrauterine 
foetal death. Every effort should there- 
fore be made to demonstrate the sub- 
cutaneous fat of the foetal scalp in 
Fig. 7. Part of head of foctus which °@8€8 in which intra-uterine death of the 
died in utero five days prior to foetus is suspected. , 
parturition, examined under water. Demonstration of DEUEL’s halo was 
Subcutaneous fat (arrows) with not the aim at the time of the roent- 
space between the latter and the genographic examination of the patients 

bone. in this series. If the foetal head had been 
examined in several projections in all 
cases, re-examination of the films would no doubt have disclosed it more 
frequently than was actually the case. This assumption is borne out by the 
fact that of the 15 cases in which films of the foetal head were taken in 
two projections the halo was visible in 9, whilst of the 27 cases in which only 
one view of the foetal head was available, it was seen in only 5 cases. A 
localized view of the foetal skull, obtained in cases in which intra-uterine 
death is suspected, no doubt results in a better demonstration of sub- 
cutaneous fat and has the additional advantage that the foetus is 
exposed to a smaller roentgen dosage than with the larger films; this 
is important should the foetus prove to be alive. 

A roentgenographic sign should not be regarded as diagnostic of 
intra-uterine foetal death unless there is proof-positive that it is in- 
variably absent in the live foetus. In the present investigation the halo 
was visible only where intra-uterine death of the foetus had occurred. 
Admittedly, in the cases in which a caput succedaneum had formed 
on the presenting part, the subcutaneous fat was also found to be raised 
away from the underlying bone. The roentgenographic appearances in 
the two conditions were, however, quite different (Cf. Fig. 6 with Fig. §). 

It was noted that in cases in which the foetal head lay close to the 
uterine wall the thin layer of fat that was frequently present immediately 
outside the latter could simulate a halo. The foetal scalp fat was, however, 
visible between that layer and the bones of the foetal scalp in practically 
all such cases. 

Naturally, the outer layer then represents the thin layer of fat ex- 
tending along the outside uterine wall (Fig. 8). Roentgenologic differen- 
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Fig. 8 (Top). A. p. view of pelvis, at term. Intra-uterine death of foetus two days pre- 
viously. Subcutaneous fat (+) with large space between the latter and the frontal and 
parietal bones. Layer of fat (++) extends along outside of uterine wall. 


Fig. 9 (Bottom). Lateral view of abdomen, at term. Intra-uterine foetal death four days 
previously. Subcutaneous fat (—) with large space between the latter and the temporal 
and parietal bones. Layer of fat (++) extends along outside of uterine wall. 


tiation between these two layers of fat is easy if they are followed in 
an upward direction. 

The roentgenologic appearances observed during labour at the time 
of moulding of the foetal head may also be misleading for the following 
reason. When the head is obliquely projected and the region of the 
anterior fontanelle is outlined, a space is seen between the subcutaneous fat 
over the fontanelle and the bone which is projected below the fontanelle 
but this bone is actually situated laterally and anteriorly to the fontanelle. 
This space may be misinterpreted as a halo. A careful analysis of the films 
should, however, enable the establishment of a correct diagnosis (Cf. Fig. 1)). 


: — 4 

)- 

is 

1S 
_ 

f 
3 
' 

lo 

1. 

d 

d 

n 

). 

\ 

le 

r, 

ly 

X- 

n- 
| 


408 ULF BORELL AND INGMAR FERNSTROM 


Fig. 10. Fig. 11. 8 


Fig. 10. Lateral view of abdomen in eighth lunar month of pregnancy; intra-uterine death 
of the foetus three weeks previously. Foetal head deformed. Subcutaneous fat (—) with 
large space between the latter and the temporal and parietal bones. 


4 Fig. 11. A. p. view of pelvis during labour at term; live foetus. Subcutaneous fat extends 
along anterior fontanelle (—) and is directly continuous with layer of fat extending along 
right frontal (+) and right parietal (+) bones. Left frontal bone (#+) projected under 
and at a distance from the subcutaneous fat above anterior fontanelle; it lies in fact at 


| the side of the fontanelle. Space between the left frontal bone and the subcutaneous 
rn fat along the fontanelle may be misinterpreted as a halo. 
SUMMARY 


The diagnostic value of the ‘halo’ sign described by DeveEt in intra-uterine foetal 
death was confirmed. A space was found between the fat of the scalp and the under- 
lying bone in 14 of the 42 cases investigated. 


ZUSAMMENFASSUNG 


Der diagnostische Wert des réntgenologischen »Halo-Zeichens«, wie es DEvEL 
beim intrauterinen Tod des Fétus beschrieb, wird bestiatigt. Bei 42 untersuchten Fiillen 
wurde ein Hohlraum zwischen dem Fett der Kopfschwarte und darunterliegendem 
Knochen in 14 Fiillen gefunden. 


RESUME 


Cette étude a confirmé la valeur diagnostique du signe radiographique «de l’auréole» © 
décrit par Deve dans la mort foetale intra-utérine. Sur 42 cas examinés, on a trouvé 
un espace entre le tissu adipeux du cuir chevelu et |’os sous-jacent dans 14 cas. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: H. LAITINEN) AND THE DEPART- 
MENT OF PATHOLOGY (DIRECTOR: V. RITAMA) OF THE KIVELA HOSPITAL, 
HELSINKI, FINLAND 


IMPRESSIONS ON THE VERTEBRAL ARTERY BY 
DEFORMATIONS OF THE UNCO-VERTEBRAL JOINTS 


Post-mortem angiographic studies 


by 


Pekka Virtama and Erkki Kivalo 


Degenerative changes in the cervical spine as causes of various clini- 
cal symptoms has aroused attention for many years and the role played 
by the vertebral artery has been the subject of considerable discussion. 
The excellent analysis concerning the relations between the vertebral 
artery, the vertebral vein, the nerves and the unco-vertebral joints, 
presented by KroGpaHt and TorGERSEN in 1940 has contributed greatly 
to the understanding of the roentgenology of this region. BARTSCHI- 
Rocuatx (1949) described the importance of the unco-vertebral joints 
in changes of the vertebral artery. On the other hand, FryKHOLM (1951) 
stated that a prolapsed intervertebral disc may press directly on the 
vertebral artery. Kovacs (1955) claimed that deformations of the ar- 
ticular processes and subluxations of the apophyseal joints may result 
in alterations to the artery. 

The purpose of this study was to examine the changes in the vertebral 
artery caused by the neighbouring parts of the cervical vertebrae. 

Ninetzen autopsy subjects from the Department of Pathology were 
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Fig. 1. A case illustrating typical changes, in a male, aged 70. Osteophytes in the 
left C4 to C5 and C5 to C6, and the right C4 to C5 unco-vertebral joints. Displace- 
ment and some compression of the vertebral arteries. 


examined. Nine were men and ten women; the age varied between 52 
and 92, the average age being 68 years. 

The technique was as follows. The bifurcation of the vertebral and 
the subclavian arteries was exposed. A suspension containing about 50 % 
barium sulphate in a 10 °% solution of formalin was injected into the 
vertebral artery, which was also exposed. Both arteries were then liga- 
tured or clamped. Factors: FFD 70 cm; non-screen films; Lysholm grid. 
Standard antero-posterior, lateral, and oblique views were obtained, in 
some cases augmented by a. p. projections with the neck bent to each 
side. 

In all cases, the vertebral artery was well filled on the two sides. 
The circle of Willis was also well shown. In two cases the left vertebral 
artery was narrow compared with the vertebral artery on the right side. 

In 9 cases, the vertebral artery pursued a straight course on the 
two sides in all the views obtained. There were no obvious joint changes 
in 7 of these cases with the exception of 2 in which there was evidence 
of osteochondritis at the unco-vertebral margins. In 12 cases, there was 
osteochondritis in the apophyseal joints and the unco-vertebral junctions. 
Ten cases showed considerable degenerative changes and in these there 
were also marked alterations in the vertebral artery, all of which were 
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due to osteophytes around the unco-vertebral joints; as is usual, the 
two lowest cervical vertebrae were chiefly affected. In none of our cases 
did the apophyseal joints cause any alterations in the vertebral artery, 
The changes were most clearly seen in the antero-posterior position with 
the neck bent to the opposite side. No subluxations were noted when the 
head was rotated, this presumably being due to rigor mortis preventing 
free mobility. 


SUMMARY 


The vertebral arteries of an autopsy material consisting of 19 cases between 52 and 
92 years of age were examined roentgenographically after the injection of a barium- 
formalin suspension. In 10 cases with osteochondrotic changes, the osteophytes of the 
unco-vertebral joints caused impressions on the vertebral arteries on one or both sides, 


ZUSAMMENFASSUNG 


Die Vertebralisarterien eines Obduktionsmateriales von 19 Fallen im Alter von 
52 bis 92 Jahren sind nach Injektion einer Barium-Formalinsuspension réntgenologisch 
untersucht worden. In 10 Fallen mit osteochondrotischen Verainderungen verursachten 
die Osteophyten der unco-vertebralen Gelenke Impressionen an den Vertebralisarterien 
einer oder beider Seiten. 


RESUME 


Les artéres vertébrales d’un matériel d’autopsie comprenant 19 sujets agés de 52 
& 92 ans ont été examinées radiographiquement aprés injection d’une suspension de 
baryum-formol. Dans 10 cas présentant des lésions ostéochondrotiques, les ostéophytes 
des articulations unco-vertébrales déterminaient des empreintes sur les artéres verté- 
brales d’un ou des deux cotés. 
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THE PREPYLORIC CONTRACTIONS IN THE 
NORMAL STOMACH 
by 
ch A. D. Keet Jr. 
Pn 
pn 
| The peristaltic wave in the body of the stomach consists essentially 
fi of a narrow, annular contraction of the muscularis propria moving in a 
caudal direction. When the prepyloric part is reached this ring-like 
i contraction fails to proceed, and in its stead a concentric contraction 
of a relatively wide area of the circumference occurs. In other words the 
“ nature of the ‘conventional’ peristaltic contraction changes in the pre- 
1e 


pyloric area. 

While this phenomenon is seen regularly in the normal stomach, it has 
never been fully described or explained. In an attempt to do so, a careful 
fluoroscopic and roentgen photographic study of the prepyloric contrac- 
tions has been made in: 

1. The healthy students between the ages of 20 and 28 years who have 
had no serious gastro-intestinal symptoms during the previous 3 years. 

2. In 700 routine, consecutive barium meal examinations over a 

period of 2 years. This series can be divided into: a) 310 normal cases; 

L the criteria for normality were the absence of any sign of ulceration, 

deformity, tumour or any other structural abnormality in the oesophagus, 

e- stomach and duodenum, and a normal rate of emptying of these organs; 

b) 390 abnormal cases in which some or other abnormality of structure 
or function was found in the oesophagus, stomach or duodenum. 
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In the present discussion only 320 (10 + 310) normal cases will be 
considered. A few preliminary findings in some of the first cases have 
previously been reported (1955). The ages in this group varied from 9 to 80 
years, with the majority in the age group 30 to 60 years. Males and females 
were represented in approximately equal numbers. Four of these cases 
subsequently had abdominal operations for other reasons, at which the 
stomach and duodenum were proved normal. 

In all the normal cases the prepyloric contractions conformed to a 
definite pattern. In observing the normal contractions it is useful to try 
and demonstrate the actual shape and extent of muscular contraction as 
the prepyloric contraction proceeds. In other words, the attention should 
be focussed on the areas of contraction which surround the barium- 
filled lumen. With this purpose in mind, sketches of the contracted 
areas have been made in various instances, giving rise to the semi- 


diagrammatic drawings which accompany the original roentgenograms 
in the description. 


A typical example of a normal prepyloric contraction is illustrated 
in Figs. 1 to 3 from an examination of a 30-year-old male: 


The stomach is filled with the usual barium suspension, and filling of the duodenal 
cap is awaited. Care is taken to keep the subject in the same position throughout the 
examination, the most advantageous being that in which the pyloro-duodenal axis lies 
transversely to the direction of the rays (usually the erect right anterior oblique position). 
A stage is reached in which the cap is filled, in which the normal division between stom- 
ach and duodenum is clearly visible, and in which both the prepyloric part and bulb 
are free from peristalsis, that is, the ‘rest phase’. Measurements at this stage show that 
the division between stomach and duodenum on the lesser curve is equal in width to the 
division on the greater curve (Fig. la). In Fig. 1b a peristaltic wave is seen to advance 
along the ‘vertical’ and ‘horizontal’ parts of the stomach towards the prepyloric part. 
When the latter is reached by the peristaltic wave, it contracts in the following 
characteristic way: 

As a first step the peristaltic wave appears to stop short some distance orally to the 
pyloric orifice, that is, it fails to advance any further. Simultaneously a widening of the 
normal division between stomach and duodenum on the lesser curve, occurs. This can be 
verified by means of measurements (Fig. 1, ¢ and d). 

On the greater curve a loculus of gastric lumen is beginning to form Letween the 
normal division between stomach and duodenum and the indentation of the arrested 
peristaltic wave. While the peristaltic wave remains stationary, its indentation widens. 
Simultaneously, the normal division between stomach and duodenum on the greater curve 
also widens. The widening of these indentations can only be due to muscular contraction, 
and the effect is to compress the loculus so that it becomes smaller and resembles what 
can be called a pseudodiverticulum. 

Meanwhile the division between stomach and duodenum on the lesser curve enlarges 
further and merges imperceptibly with the impression caused by the original peristaltic 
wave which, as we have seen, remained stationary at this point (Fig. 2). The effect of 
this is to cause a single, wide area of contraction on the lesser curve, as opposed to two 
separate contractions on the greater curve. The contracted area at this stage resembles 
an inverted V, with the apex on the lesser curve and the two limbs radiating to the greater 
curve. 
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a b c 


Fig. 1. a) Pyloro-duodenal junction in rest phase, the 
prepyloric region free from peristalsis. Division between 
stomach and duodenum on lesser curve equal in width to 
division on greater curve. b) Peristaltic wave advancing 
towards prepyloric region along “horizontal” part of 
stomach. c) The peristaltic wave becomes stationary a 
short distance orally to pyloric orifice. Division bet- 
ween stomach and duodenum on lesser curve widens, 
loculus of gastric lumen beginning to form on greater 
curve between pyloric orifice and arrested peristaltic 
wave. d) Schematic representation of (c): D. B. — duo- 
denal bulb. Loc. — loculus of gastric lumen. C. M. P. 
—circular muscularis propria. P. W. — peristaltic wave. 
M. C. — muscular contraction. 


Lastly, a simultaneous widening of the two legs of the inverted V occurs, causing the 
disappearance of the pseudo-diverticulum. A triangular, contracted area, which can be 
called a negative triangle, consequently is formed (Fig. 3). The pyloric canal is now fully 
formed and runs across the negative triangle as a thin channel containing several barium- 
lined mucosal furrows. After one or two seconds the contracted prepyloric area relaxes 
and the process is repeated. 


This then constitutes the prepyloric cycle in a normal case. In all the 
320 normal cases the contractions were identical to those described 
above. 

The only variations observed were minor deviations in the shape of the 
pyloric canal, it being noted that the canal, when fully formed, may 
assume one of three shapes in different cases: 


1. It may consist of two divisions, viz.: a caudal, relatively narrow 
division, and an oral, relatively wide division (Fig. 4; see also Fig. 3a). 
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a 


Fig. 2. a) Same case as in fig. 1. The peristaltic wave remains stationary, but becomes i 


; widened on both curvatures. The division between stomach and duodenum on the lesser t F 
curve has enlarged further and merged with the peristaltic contraction to form a single, © ce 
wide area of contraction. The division between stomach and duodenum on the greater al 

- curve also enlarges. The loculus is compressed between this and the original peristaltic | ne 
wave to form a pseudo-diverticulum. b) Schematic representation of (a), showing the 
pseudo-diverticulum and ‘inverted V’ stages of contraction: D. B. — duodenal bulb, 

4 P. D. — pseudo-diverticulum. M. C. — muscular contraction. P. W. — peristaltic wave. et 

Ce 
2. It may become concentrically narrower towards its caudal end hh 
(Fig. 5). ir 


3. It may appear to be of constant calibre throughout its length 5 
(See Fig. 8b). 

In Figs. 4, 5, and 8b again the single, wide impression between the — 
stomach and duodenum on the lesser curve is noted. For the sake of | 
clarity Fig. 6 is included. This shows the pseudo-diverticulum stage ofa oi 
normal contraction in the prepyloric part of the stomach, in a boy aged 


14 years. Note the single, wide impression on the lesser curve and the d 
pseudo-diverticulum on the greater curve which is located between two 0 
separate impressions. Se 

Another feature worth noting is the fact that the base of the bulb | h 
normally may appear quite straight while the prepyloric area is relaxed Ww 
(Fig. 7 a). At this stage the normal division between stomach and duode- Ww 


num on the lesser curve is equal in width to that on the greater curve. 
When the prepyloric area contracts, the base of the bulb may assume a _ 
semicircular or concave shape as if it is being indented by the contracting | 
pyloric musculature. This is well seen in the pseudo-diverticulum stage | 
(Fig. 7 b) in this case. It may be observed that both divisions between ~ 
the stomach and duodenum have become enlarged, that on the lesser 
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a b 


Fig. 3. a) The prepyloric region is maximally contracted, giving rise to a triangular area of 

contraction. The pseudo-diverticulum has disappeared. The pyloric canal is fully formed 

and runs across the ‘negative’ triangle. b) Schematic representation of (a), showing the 

negative triangle stage of contraction: D. B. — duodenal bulb. P. C. — pyloric canal. 
M. C. — muscular contraction. 


curve relatively more so than on the greater curve. This indentation of the 
base of the bulb, which occasionally occurs during the normal prepyloric 
contraction, should not be confused with the duodenal defects seen in 
hypertrophic pyloric stenosis in adults, and in prolapse of gastric mucosa 
into the bulb. 


The normal mucosal movements in the prepyloric area 


Normally, transverse or oblique mucosal folds can usually be dem- 
onstrated in the prepyloric area while the latter is relaxed or partially 
contracted (Fig. 8 a). As the contraction increases, the folds change in 
direction and come to lie longitudinally, and with a maximal contraction 
only longitudinal folds are seen to cross the negative triangle. (Fig. 8 b:; 
see also Figs. 3 a, 4 and 5). Careful analysis of our group of normal cases 
has shown that normally the mucosal folds always run longitudinally 
when the contraction is maximal, and always transversely or obliquely 
when the contraction is incomplete. 


Anatomical background of the normal prepyloric contractions 


The procedure of demonstrating the shape and extent of muscular 
contraction as the prepyloric cycle proceeds, shows that, initially, at the 
stage when the peristaltic wave ceases to advance, a muscular contraction 

27 —573088. Acta Radiologica. Vol. 48. 
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Fig. 4. Maximal] prepyloric cou'raction. The pyloric canal consists of 2 sec- 
tions: a relatively narrow caudal and a relatively wide oral section. Single, 
wide division between stomach and duodenum on lesser curve. 


Fig. 5. Maximal prepyloric contraction. The pyloric canal, running across 
the negative triangle, becomes concentrically narrower towards its caudal 
end. 


occurs in the normal division between stomach and duodenum on the 
lesser curve (Fig. 1d). Next this contraction increases and merges with 
the original, stationary peristaltic contraction to form a single, wide area of 
muscular contraction on the lesser curve (Fig. 2b). At this stage there 
are two contracting muscular loops on the greater curve, viz. one in the 
normal division between the stomach and duodenum and the other some 
distance orally to this and confluent with the stationary peristaltic wave. 
The contraction of these two loops results in the formation of a ‘loculus’ 
of the gastric lumen on the greater curve. The continued widening of their 
respective impressions indicates a progressive contraction, which results 
in further compression of the loculus, causing the latter to become smaller 
and to resemble a diverticulum. This we have called the pseudo-divertic- 
ulum stage of the prepyloric cycle. At the last step, that of maximal 
contraction, both loops on the greater curve contract still further, thus 
causing a concentric narrowing of the pseudo-diverticulum and its eventual 
disappearance. This results in a tightly contracted muscular structure 
roughly triangular in shape, which can be called the negative triangle 
(Fig. 3b). 

From the above radiological evidence one concludes that the normal 
prepyloric contractions always conform to a definite pattern. Moreover 
it seems that this contraction pattern can only be due to some specializa- 
tion in function or structure of the prepyloric musculature. 

Partly because of his radiological studies, ForssELL (1913) came to 
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Fig. 6 Fig. 7a Fig. 7b 


Fig. 6. Partial prepyloric contraction, showing the pseudo-diverticulum on the greater 
curve and a single, wide division between stomach and duodenum on the lesser curve. 
Fig. 7. a) Pyloro-duodenal junction in the rest phase. The base of the bulb is straight. 
b) Same case, a moment later. Prepyloric region is partially contracted and base of 
bulb now assumes a semicircular or concave shape. Note also the pseudo-diverticulum. 


the conclusion that the prepyloric area of the stomach formed a functional 
and anatomical compartment, which he called the ‘canalis egestorius’. 
Without going into details GOLDEN (1937), as a fluoroscopist, held that 
the gastric ‘antrum’ formed a functional unit, and used the terms ‘antral 
systole’ and ‘diastole’ to indicate contraction and relaxation of this 
part. 

What are the views of the anatomists in this connection? ToRGERSEN 
(1942) pointed out that there has long been disagreement between anat- 
omists on the nature and build of the stomach. Some believed the 
stomach to be divided into a number of different regions or compartments, 
while others considered it to be a simple muscular chamber. Among the 
more recent workers, FoRssELL found that the ‘horizontal’ part of the 
stomach could be divided into two functional and anatomical compart- 
ments, viz. a ‘sinus’ and a ‘canalis egestorius’, the former being situated 
orally to the latter. He based his findings on an anatomical as well as 
radiological study, but did not go into the finer details of the prepyloric 
contractions as seen radiologically. For various reasons he advocated the 
abolition of the term pyloric ‘antrum’. 

One of the main antagonists of this school of thought was PERNKOPF 
(1929), who found no differentiation in the muscular structure to justify 
the division of the stomach into anatomical entities. CoLE (1928) again, 
found that the pyloric canal was surrounded by a dense, thick, harp- or 
fanshaped muscle which is apparently a continuation of the circular 
muscle coat of the stomach. When it contracts, it may do so in a concentric 
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Fig. 8 a. The prepyloric region is partially contracted. The pyloric 

musocal folds run transversely or obliquely. A gastric loculus is begin- 

ning to form on the greater curve. b) Same case, a moment later, 

The prepyloric region is maximally contracted, mucosal folds have 

changed in direction and now run longitudinally across the negative 
triangle. The pyloric canal is of uniform calibre. 


rather than in a peristaltic way, and it is often contracted in post-mortem 
specimens. 

In view of these conflicting opinions, TORGERSEN set out to make a 
careful anatomical study of the muscular build of the stomach and duo- 
denal bulb. His work appears to be little known generally, but it does 
appear to be worthy of serious consideration. 

The following is a brief description of the musculature of the prepyloric 
part, as determined by ToRGERSEN: 

The circular division of the muscularis propria exhibits three localized, 
crescentic thickenings or loops in the prepyloric area. One loop surrounds 
the greater curvature side of the pyloric orifice and is a factor in causing 
the division normally visible between the stomach and duodenum in 
radiographs. He calls this ‘the right canalis loop’. A second, less well- 
developed loop, surrounds the greater curve of the stomach some distance 
orally to the pyloric orifice (“the left canalis loop’). The free ends of both 
loops meet on the lesser curve in a third thickenirg or loop called the 
muscle ‘torus’ or ‘knot’. This muscle ‘torus’ is partially responsible for the 
division between the stomach and duodenum on the lesser curve side. A 
sagittal section through the pyloro-duodenal axis will show a triangular 
muscular structure with the apex, formed by the muscle knot, on the 
lesser curve, and the two sides, formed by the right and left canalis loops, 
radiating to the greater curve. Diagrammatic representations of this 
structure are given in Figs. 9 and 10. 
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We would suggest that the terms right pyloric loop, left pyloric loop 
and pyloric muscle knot be substituted for the right and left canalis 
loops and the ‘torus’ respectively, as a means of simplifyirg the nomen- 
clature. 

ToRGERSEN also established that the right and left loops, being merely 
localized thickenings of the musculature, are connected by the intervening 
circular as well as by the overlying longitudinal fibres. The type of contrac- 
tion at any given time will depend on the amount of interplay between the 
circular and longitudinal fibres. Generally speaking, a concentric contrac- 
tion of the two loops, together with a contraction of the muscle knot, is 
the predominant feature. This will give rise to a ‘circumferential’ contrac- 
tion. Simultaneously, contraction of the longitudinal fibres will approxi- 
mate the right and left loops, resulting in an additional ‘longitudinal’ 
contraction. The various divisions do not contract separately, but act 
in a concerted way. He suggested that the term pyloric ‘orifice’ be used 
to indicate the division between the stomach and duodenum when the 
prepyloric part is relaxed. The term pyloric ‘canal’ should be reserved for 
that stage of the prepyloric cycle when the three muscular loops are 
maximally contracted. 

TORGERSEN’S structure conforms to a division of the stomach which 
is clearly recognizable as a separate anatomical and functional unit in 
certain lower vertebrates. It is also the ‘canalis egestorius’ of ForssELL, 
and presumably the harp- or fanshaped muscle described by Coxe. 

Reference to the introductory paragraphs and to Fig. 1, ¢ and d; 
Figs. 2, 3, 9, and 10 will make it clear that the normal prepyloric contrac- 
tion as described above can clearly be explained on the basis of TorGER- 
SEN’s anatomical findings. Briefly, then, this will amount to first of alla 
contraction of the pyloric muscle knot (Fig. 1d) followed immediately 
by a contraction of the right and left pyloric loops (Fig. 2b). When the 
contraction is at its height, the muscle knot and both loops are firmly 
contracted (Fig. 3b). 

It appears that the advancing peristaltic wave, when it reaches this 
pyloric muscular structure, acts as a trigger mechanism and initiates its 
contraction. 

It should now be obvious why TorGERSEN recommended that the 
term pyloric orifice be reserved to indicate the division between stomach 
and duodenum when the prepyloric part is relaxed, and the term pyloric 
canal when it is fully contracted. Otherwise, it will be clear that one can 
have a pyloric canal which is both short and long in a single case, depend- 
ing on the stage of contraction, as comparison of Figs. la and 3a will 
show. Adhering to ForssELt’s terminology, he called his right and left 
loops and muscle knot the ‘canalis egestorius’. Perhaps this whole muscular 
structure could also be called the functional and anatomical entity of the 
pylorus, or briefly, the pyloric muscular entity or muscular structure. 
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Fig. 9. Diagrammatic sketch of 
sagittal section through the py- 
loro-duodenal axis in the rest 
phase. P. M. K. — pyloric muscle 
knot. C. M. P. — circular muscu- 
laris propria. D. B. — duodenal 
bulb. P. V. — pyloric valve. 8. — 
stomach. R. P. L. — right pyloric 


Fig. 10. Diagrammatic sketch of 
the pyloric muscular loops, in a 
stage of partial contraction. 
P. M. K. — pyloric muscle knot. 
R. P. L. — right pyloric loop. 
L. P. L. — left pyloric loop. D. 
B. — duodenal bulb. 8. — Sto- 
mach. 


loop. L. P. L. — left pyleric loop. 
M. — mucosa and submucosa. 


Both CoLE and TEMPLETON have shown that the gastric prepyloric 
musculature may contract after death in such a way as to give rise to the 
formation of a pyloric canal. From illustrations given by these authors it 
is easy to reconstruct the triangular area of muscular contraction. GROE- 
DEL’s work shows that a similar type of prepyloric contraction may 
occur in certain types of vomiting. 

The various shapes assumed by the fully formed pyloric canal can be 
rationally explained. 

ToRGERSEN found that the left pyloric loop is less well-developed than 
the right. Its contraction is therefore presumably less vigorous and this, 
in our opinion, accounts for the difference in calibre that is sometimes 
seen between the oral and caudal divisions of the pyloric canal. In such 
cases the relatively wide oral division is situated in the curve of the less 
well-developed left loop. In other cases this marked difference in the 
contraction of the two loops is lacking, thus giving rise to the type of 
canal which is of uniform calibre throughout its length, and the third 
type, which becomes concentrically narrower towards its caudal end. (See 
Figs. 3a, 4, 5, and 8b.) 
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Anatomical background of the normal mucosal movements in the 
prepyloric area 


Our present day concept of the movements of the gastrointestinal 
mucosa is based largely on the work of ForssELL, who demonstrated two 
independant but co-ordinated types of movement in the gastro-intestinal 
tract, viz.: 

1. The movements of the muscularis propria. 

2. The movements of the mucosal membrane (muscularis mucosae). 


ForssELL found that the gastric mucosa can execute various active 
as well as passive movements, the active being due to its inherent ability 
to move, and the passive being secondary to and co-ordinated with the 
movements of the muscularis propria. 

The present investigation has shown that transverse and oblique 
mucosal folds can normally be demonstrated in the pyloric muscular 
entity or canalis egestorius when it is relaxed or partially contracted 
(Fig. 8a). When it contracts fully, the folds change in direction and 
come to lie longitudinally (Fig. 8b). This is a regular feature of the normal 
prepyloric contraction and is, in our opinion, one of the best and also 
one of the most important examples of the co-ordinated movements of the 
muscularis propria and the muscularis mucosae in the gastro-intestinal 
tract. 

Although Go.LpeEN did not base his ‘antral contraction’ on the con- 
ceptions of ForssELL and ToRGERSEN, he came to an essentially similar 
conclusion on the movements of the mucosal membrane. He holds, also, 
that an additional mass movement of the prepyloric mucosa occurs in a 
cephalad direction during ‘antral systole’. Otherwise, if this fails to occur, 
the folds will be jammed towards the pyloric orifice thus tending to cause 
obstruction. 


SUMMARY 


The details of the normal prepyloric contractions, as seen during fluoroscopy and 
roentgen photography, are described. They can be explained on the basis of the microscop- 
ical anatomy of the prepyloric area, as determined by TorGERSEN, who demonstrated 
three localized thickenings or loops of the circular muscularis propria in the prepyloric 
area of the stomach. Together these three loops form the canalis egestorius, or the pyloric 
muscular entity. The terms inverted V, pseudo-diverticulum and negative triangle are 
used to indicate various roentgen stages of contraction of the normal prepyloric musculat- 
ure. The negative triangle indicates a maximal, and the pseudo-diverticulum a near 
maximal stage of contraction of the three muscular loops. The mucosal movements 
are seen to be co-ordinated with the contraction of the muscularis propria, thus supporting 
ForssE.i’s well-known thesis on the movements of the mucosal membrane. 
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ZUSAMMENFASSUNG 


Die Vorgiinge bei der normalen Pyloruskontraktion, wie sie bei der Durchleuchtung 
und auf Réntgenbildern zu sehen sind, werden beschrieben. Diese Vorgiinge kinnen 
auf histologischer Basis erklirt werden, wie TORGERSEN es zeigte. Dieser wies 3 lokalisierte 
Verdickungen oder Schlingen der cirkuliren Muscularis propria in der Pylorusgegend 
des Ventrikels nach. Zusammen bilden diese drei Schlingen den Canalis egestorius 
oder die Pylorusmuskulatur. Die Begriffe des umgekehrten V, des Pseudodivertikels 
und des negativen Dreiecks werden benutzt, um die verschiedenen réntgenologischen 
Vorgiinge der Kontraktion der normalen pripylorischen Muskulatur zu beschreiben, 
Das negative Dreieck zeigt eine maximale Kontraktion der 3 Muskelschlingen an, der 
Pseudodivertikel eine fast maximale Kontraktion. Die Schleimhautbewegungen sind mit 
der Kontraktion der Muscularis propria koordiniert. Hierdurch wird Forsse.u’s wohl- 
bekannte Arbeit iiber die Bewegungen der Schleimhautmembranen bestatigt. 


RESUME 


L’auteur décrit les détails des contractions normales de l’antre prépylorique vues en 
radioscopie et en radiophotographie. Elles peuvent s’expliquer par |’anatomie microsco- 
pique de cette région, telle qu'elle a été précisée par TORGERSEN, qui a mis en évidence 
trois épaississements ou boucles localisés de la tunique musculeuse circulaire dans 
l’antre. L’ensemble de ces trois boucles forme la musculature de l’antre prépylorique. 
Les termes de V renversé, de pseudo-diverticule et de triangle négatif sont utilisés pour 
désigner divers stades radiologiques de la contraction de la musculature normale de 
lantre. Le triangle négatif désigne un stade maximal, et le pseudo-diverticule un stade 
presque maximal de la contraction de la tunique musculeuse. On voit que les 
mouvements de la muqueuse sont coordonnés avec la contraction de la muscularis mu- 
cosae, confirmant ainsi la thése bien connue de Forsse.t sur les mouvements de la mu- 
queuse, 
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FROM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIRECTOR: PROF, OLLE OLSSON), 
UNIVERSITY HOSPITAL OF LUND, SWEDEN 


CHANGES IN THE COLON FOLLOWING RESECTION 
AND END-TO-END ANASTOMOSIS 


by 
Sten Cronqvist 


On roentgen examination of patients who have been subjected to 
resection of the colon with end-to-end anastomosis for malignant disease, 
it is sometimes difficult to decide whether a defect at the site should 
be regarded simply as a result of the operation or as evidence of a recur- 
rence. 

The appearances and sequence of the roentgenographic changes en- 
countered have been studied by SHARPE and GOLDEN in a series of 42 
patients, 27 of whom were examined once, and 15 more than once, within 
a few weeks to within 7 years of the operation. In 39 cases, a filling de- 
fect was observed at the site of the anastomosis; in 4, it was unilateral, 
and in the remainder bilateral. In some cases the constriction was less 
than 1 cm long, in others it was longer. The authors suggested that 
extensive narrowing might be explained by spasm because subse- 
quent examinations showed that it had disappeared. They also pointed 
out that the frequency and depth of the indentations decreased with 
an increasing time interval after the operation. Only in one of the pa- 
tients examined more than once was the defect found to increase from 
one examination to the other, but even then the increase was only tran- 
sient and had been preceded by proctoscopy. In 3 of the 4 patients with 
a unilateral filling defect, the indentation could afterwards be explained 
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by a local recurrence, and SHARPE and GOLDEN consider that such a 
defect should ‘be regarded as possible evidence of localized organic 
disease’ and that the diagnosis of recurrence must otherwise ‘rest upon 
the already established criteria for carcinoma of the colon’. 

FLEISCHNER and BERENBERG found that local recurrences sometimes 
produce a unilateral defect, but at the same time stressed that occasion- 
ally this might be due to the temporary result of the anastomosis. They 
stated that it is difficult to decide from a single examination whether 
a unilateral deformity should be regarded as the result of the operation 
or as evidence of recurrence. They therefore recommend that postoper- 
ative roentgenography should be postponed until 4 to 8 weeks after the 
operation, by when, according to them, the wall at the site of the anas- 
tomosis had time to reach a permanent condition. Films from such an 
examination could be used for comparison with any changes found later, 
This procedure is also recommended by Hutrgorn. 

The purpose of the present investigation was to obtain a more ac- 
curate picture of the appearances and sequence of postoperative changes 
at the site of the anastomosis and thereby to establish more reliable 
criteria for differentiation from recurrence. An analysis was made of 
roentgenograms taken by one and the same technique of patients oper- 
ated on by a uniform technique. 


Material 


The material consisted of 68 cases. Eleven of the patients had been 
operated upon for sigmoiditis or diverticulitis, the remaining 57 cases 
for carcinoma. In 43 of these 57 cases, the growth was localized to the 
rectum or sigmoid, in 7 to the descending colon, and in 7 to the trans- 
verse colon. All of the patients had been operated upon (colonic resec- 
tion with end-to-end anastomosis) in the Department of Surgery. 

The patients were examined roentgenographically at varying inter- 
vals after the operation. Twenty-nine examinations were performed 
within one month of the operation, 29 during the second and third 
months, and 28 during the fourth to twelfth months after operation. 
Sixteen patients were examined more than one year following the oper- 
ation. Thirty patients were examined on two occasions or more. After 
this investigation had been started, the patients were examined soon 
after the operation, when possible within one month, and then again 
in the course of the subsequent twelve months. 

In patients examined within one month of operation, attention was 
directed only to the site of the anastomosis. The roentgen examination 
was never attended or followed by any complications, nor was any leak- 
age observed along the suture line. 
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Discussion 


End-to-end anastomosis of the colon with invagination of the ends 
results in a temporary narrowing of a short segment. This narrowing 
and any adjacent secondary changes appear in the roentgenograms as 
an annular constriction of the lumen of the bowel. The more oral the 
anastomosis, the less likely can it be demonstrated in the roentgeno- 
gram. Thus in the 14 cases, in which the descending colon and the trans- 
verse colon had been resected because of tumour, and in 6 in which 
decompressing transversostomy had been performed, it was difficult to 
recognize the site of the anastomosis. Only those cases in which part 
of the sigmoid colon had been resected are therefore of relevant interest. 

During the first month after operation the changes are usually readily 
recognized — only in 5 out of 25 cases examined within this period was 
the site of the anastomosis hardly discernible. At the site of the resec- 
tion the inverted ends of the intestine are generally well outlined and 
the suture line is indicated as a groove filled with contrast medium (Figs. 
1 and 2a). Structural changes, as well as rigid wavy folds in the wall, 
are sometimes present for several centimetres on either side of the anas- 
tomosis. The changes appear to be most marked in patients operated 
upon for sigmoiditis or diverticulitis. The indentations due to the collar 
of the inverted colonic wall gradually decrease (Fig. 2b) or disappear, 
probably due to the regression of local edema. In some patients, the 
only change at the site of the anastomosis was an insignificant diffuse 
irregularity in the outline of the wall. This was seen in 15 out of 25 ex- 
amined, for example, more than 3 months after the operation. In other 
patients the inverted ends of the colonic wall still caused an annular 
or segmental reduction in the lumen of the bowel. In the former cases a 
short annular defect was seen at the site of the anastomosis (Fig. 2, b 
and ¢), in the latter a unilateral defect (Fig. 2d). As pointed out by SHARPE 
and GOLDEN however, a unilateral defect at the site of the anastomosis 
need not always be due to the inverted ends, but may be caused by a 
granuloma around a suture. Furthermore, when extensive narrowing 
was noted in the initial films it gradually disappeared (Fig. 3). This 
strongly suggests that these changes were also due to edema. 

It is thus evident that structural changes in the wall of the colon 
at the site of the anastomosis gradually disappear. This is also clear from 
Diagram 1, in which all examinations are classified according to the 
interval between operation and roentgen examination, 7. e., 1 month, 
1 to 3 months, 3 to 12 months and more than 12 months after operation, 
and according to the degree of the roentgenographic changes. Group I 
consists of cases with severe changes and often wavy mucosal folds in 
the outline of the wall of the colon. Group II includes the cases with a 
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a b 


Fig. 1. a) Conventional examination following operation for carcinoma of the sigmoid 
colon. Narrowing of lumen at site of anastomosis. b) Double contrast examination, suture 
line demonstrated. 


deformity at the site of the anastomosis, and Group III, those in which 
the site of the anastomosis was hardly discernible. Since a deformation 
or local defect may regress, although not sufficiently to justify upgrading 
of the cases, assignment of a case to the same group on repeated examina- 
tion does not exclude the possibility of some ‘improvement’ of the lumen 
at the site of the anastomosis. As expected, with an increasing interval 
between the operation and the roentgen examination, Group III in- 
creased at the expense of Groups I and II. 

According to FLEISCHNER and BERENBERG, the operative site reaches 
a permanent state within 1 to 2 months, by when the normal end-to-end 
anastomosis can hardly be recognized. 

It is clear from the observations made in the present investigation, 
and described above, that this opinion is unfounded. Regression of the 
changes requires considerable time and varies widely from one patient 
to another, even when the operation is performed with the same technique 
and has a smooth postoperative course. It is not possible to give any 
definite interval after which no further regression can be expected in a 
given case, though the rate of regression appears to be highest during 
the first three months after operation. Since the appearance of the post- 
operative changes also varies from one case to another it is not possible 
to conclude from a single examination whether the anastomosis has 
reached a permanent state. 

SHARPE and GOLDEN’s seriés contained 4 cases with a unilateral de- 
fect. Three of these were associated with a recurrent carcinoma. Judging 
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d 
Fig. 2. Examinations at different times after operation for carcinoma: a) 1 month, 
narrowing at site of operation, suture line indicated by the central groove; b) 3 months, 
inverted ends of colon smaller and some-what irregular; the site of anastomosis now 
appears as a short annular narrowing; c) 9 months, anastomosis still narrow, due mainly 
to a segmental deformity; d) 14 months, well-defined filling defect still demonstrable. 


by the present investigation, however, such a unilateral defect is usually 
a result of the operation, and was seen in 7 out of a total of 42 cases. 
Of the 4 cases of recurrence in the present material, control roentgeno- 
graphy had been carried out in 2 before the appearance of the recur- 
rence, and in neither was any such unilateral change demonstrable. 
Since the appearance and rate of regression of the changes resulting 
from the operation vary from case to case, early recognition of a recur- 
rence requires comparison with roentgenograms taken on some earlier 
occasion. Only in 2 of the present cases was any increase in the changes 
found between the first and subsequent examinations, and a recurrence 
was proved in both. This is exemplified in the cases summarized below. 
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I 
| | 

II 
Diagram 1. Examination of colon in 
relation to interval after operation. 
Every examination is graded accord- 
mM ing to the degree of roentgenogra- 
wl phic changes. | — Advanced, Il — 
Moderate, — Slight changes. 

<1month 1 to3 3 to 12 > 12 


months months months 


Case 1. Male, aged 69, operated on in 1952 for carcinoma of the sigmoid colon. 
Postoperative roentgenography early in 1954 showed moderate annular narrowing at 
the site of the anastomosis. Re-examinations 3 months later revealed marked changes 
along about 7 cm of the wall with filling defects and irregular outline of the lumen. Oper 
ation disclosed a local recurrence. Resection with end-to-end anastomosis was performed. 
Subsequent examination in 1955 showed only a slight stretching of the wall at the site 
of resection (Fig. 4). 

Case 2. Male, aged 54, operated on in March 1953 for a perforating growth of 
the sigmoid colon. Control roentgenography in November of the same year showed a 
moderate narrowing of the lumen at the site of the anastomosis, but no signs of a recur- 
rence. Early in 1955 the patient complained of diffuse abdominal pain. Roentgenography 
demonstrated that the lumen at the site of the anastomosis was narrower than before 
and the outline of the wall more irregular. Operation revealed a local recurrence. 


Early postoperative roentgenography, 7.e. within 1 month of the 
operation, will on occasions show a dilatation of the colon oral to the 
anastomosis, and coprostasis. As a rule, this dilatation soon disappears. 
In 2 cases, however, coprostasis occurred soon after the operation and 
was so marked as to cause ileus, for which decompressing caecostomy 
and transversostomy, respectively, were carried out. In these cases the 
colon had been examined roentgenographically with special reference to 
the site of the anastomosis, where the wall was found to be edematous, 


thickened, and obstructing the faecal passage. This complication is ex- 
emplified by the following case. 


Case 3. Male, aged 66. Roentgenography showed carcinoma of the transverse 
colon and a small rectal polyp. The latter was removed via the proctoscope; it was not 
malignant. On 6 June 1955, transverse resection of the colon was performed with end- 
to-end anastomosis. The lumen of the anastomosis was about three-quarters of an inch 
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Fig. 3. Examinations after operation for diverticulitis: a) 3 months, long irregular 
narrow constriction; b) 5 months, shorter constriction, but inverted ends of colon still 
distinct. 


Fig. 4. a) Initial roentgen examination after operation for carcinoma, slight annular 
narrowing at site of anastomosis. b) 19 months after operation, increase in deformation 
with filling defect and irregularity of the wall. Local recurrence. 


in diameter. Operation was followed by increasing abdominal pain. Roentgenography 
2 weeks later demonstrated impaction of faecal masses in the ascending colon and the 
right half of the transverse colon. The left half of the colon contained a small amount 
of gas but hardly any solid faeces. On re-examination 3 days later, ¢.e. 17 days after 
operation, the lumen at the site of the resection was now less than 1 cm in diameter for 
a distance of 4 cm. The lumen contained solid faeces obstructing the passage of the con- 
trast medium into the right half of the transverse colon. Decompressing caecostomy was 
carried out and re-examination on 21 July no longer showed any signs of coprostasis. 
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Fig. 5. Examination after operation for 
carcinoma. Local edema at site of anas- 
tomosis causing ileus. a) 17 days after 
operation, extensive’ narrowing at site of 
anastomosis with proximal massive cop- 
rostasis. b) 1 week after caecostomy, 
narrowing still present but no evidence 
of coprostasis. ¢) 6 months later, normal 
width of colon, apart from negligible 
constriction at site of anastomosis. 


On a subsequent examination 33 days after the first operation the narrowing was still 
demonstrable, but on either side of the anastomosis the lumen was now of normal size 
and the mucosal pattern more or less normal in appearance. Six months later, re-exami- 
nation no longer showed any narrowing (Fig. 5). 


Conclusions 


The observations made in the present material may be summarized as 
follows. The more oral the anastomosis is situated, the less likely can it 
be demonstrated at the roentgen examination. The changes from the 
operation, and the rate of regression of these structural changes in the 
wall, vary considerably from case to case, but regression appears to be 
most marked during the first 3 months. Early diagnosis of recurrence 
requires comparison with films from earlier postoperative examinations, 
which should not be performed until 3 months after the operation. A uni- 
lateral filling defect may be a result of the operation and is not necessarily 
evidence of recurrence, but an increase in earlier postoperative changes 
suggests recurrence. 
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SUMMARY 


The appearances and course of roentgenographic changes in 68 cases of resection 
of the colon are described and the early diagnosis of a recurrence is discussed. The 
value of repeated post-operative examinations, until the anastomosis has reached a 
permanent state, is pointed out. The initial post-operative examination was best carried 
out three months after the operation. 


ZUSAMMENFASSUNG 


Das Aussehen und der Ablauf der réntgenologischen Verinderungen in 68 Fallen 
mit Dickdarmresektion werden beschrieben und die Friihdiagnose des Rezidives wird 
diskutiert. Der Wert wiederholter postoperativen Untersuchungen, bis die Anastomose 
ihren definitiven Zustand erreicht hat, wird hervorgehoben. Die initiale postoperative 
Untersuchung wird am besten 3 Monate nach der Operation ausgefiihrt. 


RESUME 


L’auteur décrit les aspects et l’évolution des modifications radiologiques dans 68 
cas de résection colique et étudie le diagnostic précoce des récidives. Il insiste sur 
lintérét des examens post-opératoires répétés jusqu’’é ce que l’anastomose ait atteint 
son état définitif. C’est trois mois aprés l’opération qu’il convient de faire le premier 
examen post-opératoire. 
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FROM THE DEPARTMENT OF RADIOLOGY (DIRECTOR: H. G, HILLER), ROYAL 
CHILDREN’S HOSPITAL, MELBOURNE, AUSTRALIA 


PULMONARY ARTERY RING 
by 


H. G. Hiller and A. D. Maclean 


Three cases of an unusual vascular ring, similar in symptomatology 
to the group of aortic ring lesions, have recently been presented at the 
Royal Children’s Hospital, Melbourne. The rarity of this condition as 
reported in cardio-vascular and radiological literature has stimulated the 
authors to report in some detail the findings and radiologic investigation 
in these three cases. 

In this condition the left pulmonary artery arises to the right of 
the midline, passes back and then to the left between the trachea and 
the oesophagus to reach the left lung. This causes marked anterior 
indentation of the oesophagus which on barium swallow is seen only 
in the lateral view and is considered by the authors to be characteristic 
of the lesion. Some narrowing of the trachea may also be demonstrated 
or, alternatively, ball-valve obstruction of the right main bronchus. 
Angiocardiography shows the anomalous course of this left pulmonary 
artery in detail. 


Case reports 


Case 1. In October, 1955, a two and a half year old girl was referred to our depart- 
ment for investigation of a wheeze really amounting to a stridor which had been noticed 
since birth. Apart from frequent cough often aggravated by eating, the child was other- 
wise in good health and had no other symptoms. A barium swallow revealed a pulsatile 
anterior indentation of the oesophagus at the level of T5 to T6 (Fig. 1 a), and tomo- 
grams showed posterior narrowing of the trachea at this level. 


Submitted for publication 30 September 1957. 
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wee Fig. 1. Case 1. a) Lateral view of barium swallow: marked anterior indentation of oeso- 
oe phagus by the left pulmonary artery, visible as a soft tissue mass between the oesophagus 


and trachea. b) A. p. angiocardiogram demonstrating the course of the left pulmonary 
artery and unequal filling of the lung fields. c) Post-operative normal barium swallow. 
d) Post-operative angiocardiogram showing complete block of left pulmonary artery. 
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Fig. 2. Case 2. a) Barium swallow showing similar appearance to case 1 in lateral view. 
b) A. p. angiocardiogram similar to case 1 but with equal filling of lung fields. 


At this stage the provisional diagnosis was an anomalous right subclavian artery, 
arising as the last branch of the aortic arch and passing in front of the oesophagus instead 
of behind it. Angiocardiography was therefore undertaken and demonstrated the unique 
appearance seen in Fig. 1 b, the left pulmonary artery partially encircling the trachea 
as already described, and there being no abnormality of the aortic arch. This was, there- 
fore, the cause of the oesophageal and tracheal indentation and apparently the cause 
of the child’s symptoms. There appeared to be also some obstruction to the flow of 
contrast medium to the left lung as the filling was less marked on this side. 

It was decided to undertake surgery and the left pulmonary artery was freed, brought 
between the trachea and the oesophagus to the left side and then anastomosed to the 
main pulmonary artery. The post-operative angiocardiogram (Fig. 1 d) done three weeks 
after the operation showed a complete absence of any contrast filling of the left pulmonary 
artery, it being inferred that the left lung was being supplied via bronchial and inter- 
costal vessels. This finding was considered to be of special interest, as the child’s post- 
operative course had been quite uneventful and routine chest roentgenograms showed 
no post-operative pulmonary or pleural changes, apart from some diminished vascularity 
of the left lung field. A barium swallow, as might be expected, showed no abnormal 
indentation of the oesophagus (Fig. 1 c). The child now has no stridor, although some 
cough is still present on occasions. 

Case 2. A boy of almost two years, presented in February 1957 for investigation 
of repeated respiratory tract infections. He had previously been diagnosed as having 
a probable pulmonary stenosis in view of a rather harsh basal pulmonary systolic murmur. 
However, because of the marked wheeze which developed whenever he suffered a respira- 
tory infection, it was decided to exclude a vascular ring lesion by undertaking a barium 
swallow. This showed the typical appearance of a left pulmonary artery ring (Fig. 2 a), 
and lateral films showed gross narrowing of the trachea. The angiocardiogram (Fig. 2 b) 
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a 


Fig. 3. Case 3. a) Lateral film of barium swallow similar to former cases. b) A. p. angio- 
cardiogram; similar to case 2. 


showed a similar picture as in Case 1. It was decided to operate, and a similar procedure 
to that carried out on the first case was undertaken. Unfortunately, immediately on 
leaving the theatre the child had a sudden cardiac arrest and failed to respond to treat- 
ment. Post-mortem examination failed to elicit the cause of death and no other cardio- 
vascular anomalies were discovered. The anastomotic site was patent. 

Case 3. A happy six months old baby girl, presented in May 1957 with a history 
of stridor since birth, this never being severe enough to cause worry to the parents. 
She was admitted with a respiratory tract infection causing increase in the stridor and 
some wheeze. After the infection had subsided, a barium swallow examination under- 
taken because of the stridor revealed a typical anterior indentation of the oesophagus 
in the lateral view with some narrowing of the lower trachea (Fig. 3 a). An angiocardio- 
gram confirmed the provisional diagnosis of left pulmonary artery ring (Fig. 3 b). 

; In view of the child’s excellent progress and her minimal wheeze when at rest it 
) was decided to defer any surgical action and assess her progress clinically. 


Discussion 


These three cases show that this lesion is not perhaps as rare as has 
been thought up to the present, and failure to diagnose may well be 
due to not screening and filming the patient in the full lateral position 
during a barium swallow examination. It is suggested that all cases of 
) long standing stridor or wheeze, in the paediatric age group who are 
_ referred for a barium swallow, should be viewed routinely in this position. 
| A search of the literature revealed a total of five previously reported 
| cases. WITTENBORG et coll. reported the most recent two cases and 
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reviewed the others. All these cases presented in early infancy, 
and all showed evidence of acute respiratory embarrassment, in two 
cases due to a ball-valve obstruction of the right main bronchus by the 
encircling left pulmonary artery. In only one case was a barium swallow 
carried out and no angiocardiographic studies were undertaken. One 
patient underwent a successful surgical correction but the other four 
cases terminated fatally, two without surgical intervention. 

In the present series the acute mode of presentation was not seen 
and all cases were in an older paediatric age group. Full radiological 
investigation was carried out, including one post-operative angiocardio- 
gram. One child is well following surgery (but with a non-functioning 
left lung), one is still under observation and the third died in the im- 
mediate postoperative period. Full details of the surgical procedure 
undertaken on the two occasions will be the subject of a separate paper. 

Developmentally the anomaly would occur in the first three to five 
weeks of intra-uterine life. Since no abnormality of either the right or 
left lung could be demonstrated it would appear unlikely that the devel- 
oping lung buds could be implicated. It is suggested that the lesion may 
be produced by an abnormal linkage of the developing pulmonary artery 
to these buds, possibly by a displacement to the right with some rotation 
of the pulmonary artery as it grows cephalad into the lung buds. 
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SUMMARY 


Three cases of an unusual vascular ring lesion are described emphasizing the diag- 
nostic barium swallow and angiocardiographic findings. A brief review of the literature 
and a discussion of the possible development of the anomaly are included. 


ZUSAMMENFASSUNG 


Drei Fille einer ungewoéhnlichen Kreislaufschidigung werden beschrieben unter 
starker Hervorhebung der diagnostischen Bariumaufnahme und der angiokardiogra- 
phischen Befunde. Eine kurze Ubersicht iiber die Literatur und eine Diskussion der 
wahrscheinlichen Entwicklung der Anomalie werden einbegriffen. 


RESUME 


Les auteurs décrivent trois cas de lésion vasculaire annulaire inhabituelle, et insistent 
sur l’intérét des signes fournis par l’examen baryté de l’oesophage et par |’angiocardio- 
graphie. Ils font une bréve revue de la littérature et examinent le mécanisme possible 
de l’apparition de cette anomalie. 
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FROM THE CARDIAC LABORATORY (DIRECTOR: PROF. J. DIGHIERO) AND THE ROENT- 
GEN DEPARTMENT (DIRECTOR: PROF. L. ZUBIAURRE), UNIVERSITY HOSPITAL, 
MONTEVIDEO, URUGUAY 


MULTIPLE PULMONARY STENOSES WITH 
PULMONARY HYPERTENSION 


Report of a case 
by 


J. Dighiero, 0. Fiandra, A. Barcia, R. Cortés, and 
J. Stanham 


The case to be reported is an uncommon one and of particular in- 
terest from the viewpoint of the haemodynamic problems involved. No 
similar case appears to have been reported in the literature although 
ARVIDssON et coll. (1955) described four cases of multiple stenoses of 
the pulmonary arteries without concomitant stenosis of the pulmonary 
artery. 

Case report. A girl, aged 17, was on routine examination found to have a systolic 
murmur in the left second and third interspaces. She had no symptoms except slight 
shortness of breath after physical exertion. 

Physical examination. Slender girl of medium height. No evidence of cyanosis or 
anoxemia. Blood count: Reds 4.7 mill., leucocytes 12,300. Radial and femoral pulses 
synchronous and of normal amplitude. B. P. Normal. Apex beat in the left fifth inter- 
space in the nipple line: parasternal lift and systolic thrill palpated in the left 3rd and 
4th interspaces, but not propagated. Very loud murmur (Grade III—IV) during whole 
of systole in left 2nd and 3rd interspaces along the sternal margin with propagation all 
over the chest but not into neck; slight accentuation of 2nd sound in the same area; 
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Fig. 1. Conventional frontal and lateral films. Bulging right ventricle. No post-stenotic 
dilatation of pulmonary artery. Peripheral vascularity is markedly decreased and ir- 
regular. 


lst sound of increased intensity (clicking 1st sound) followed by the systolic murmur. 
Moderate hypertrophy of right ventricle with clockwise rotation. 

Phonocardiograms, according to Mannheimer’s calibrated and selective technique: 
The apex phonocardiogram registered a diamond-shaped systolic murmur terminated 
by the aortic component of the 2nd sound; the pulmonary component of the 2nd sound 
was barely visible 0.07 sec later. The phonocardiogram of the 2nd interspace along the 
left border of the sternum registered a pulmonary systolic click followed closely, though 
clearly separated, by a diamond-shaped murmur of greater intensity than at the apex, 
ending in a clearly visible and slightly accentuated aortic component of the 2nd sound; 
the pulmonary component of the 2nd sound, of small intensity, followed 0.07 sec later. 

Roentgenologic examination (Fig. 1). Heart of normal size with absolute volume of 
540 ml corresponding to 375 ml/m? body surface; marked clockwise rotation of the heart 
masking the aortic arch in the frontal view. The pulmonary artery was not dilated. The 
right ventricle was shown in the lateral view to be hypertrophied. The vascularity of 
the central parts of the lungs was diminished and irregular especially in the upper lobes. 
Left pulmonary branch was easily recognized. 

Pulmonary function tests. Tidal air, vital capacity, and spirographic tracings were 
normal. Maximal breathing capacity was slightly below normal but improved after in- 
halation of bronchodilator agents. The air velocity index was normal. 

The impression gained from the clinical and electrocardiographic studies was that 
the case was one of valvular pulmonary stenosis, although the absence of post-stenotic 
dilatation of the pulmonary artery and the shape of the heart in the routine roentgen 
examination tended to make the diagnosis doubtful. 

Catheterization. Catheterization revealed normal oxygen saturation and hemoglobin 
in all the cavities explored (venae cavae, right atrium, right ventricle, pulmonary artery, 
left atrium, and pulmonary vein). The pressure in the venae cavae and right atrium 
was normal but there was hypertension in the right ventricle (107 mm Hg) and in the 
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Fig. 2. Valvular pulmonary stenosis. Systole. a) A. p. view. b) Lateral view. Cusps are 

fused into a dome and projected into the pulmonary artery; the dome compresses the 

sinuses of Valsalva. Hypertrophic crista supraventricularis. (CSV, crista supraven- 
tricularis; PB, parietal band; I, infundibulum.) 


pulmonary artery (55 mm Hg); the gradient between the right ventricle and the pul- 
monary artery was very much increased. P. C. V. normal. The withdrawal curve revealed 
a valvular type stenosis. The catheter passed into the left atrium through a patent 
foramen ovale. 

Angiocardiography. A No. 9 catheter was introduced through the right internal 
saphenous vein and the tip placed in the right ventricle; 60 ml Umbradil 70 % were 
injected and simultaneous frontal and lateral views obtained at the rate of two per 
second. The right ventricle appeared to be hypertrophied and showed marked trabecula- 
tion. Hypertrophy of the septal and parietal bands of the crista supraventricularis formed 
the boundary of dilatation above (Fig. 2). The cusps in systole showed the characteristic 
appearances associated with valvular pulmonary stenosis (Figs. 2 and 3), 7. e. cupola-like 
projection of the cusps towards the pulmonary artery leaving the sinuses of Valsalva 
collapsed along the periphery. The pulmonary artery as well as its main branches ap- 
peared to be hypoplastic. In the secondary branches of the pulmonary artery, a number 
of marked stenosed and post-stenotic dilatations could be demonstrated. In one of these, 
the diameter of the vessel in the stenosed area was 1.5 mm, in the pre-stenotic segment 
3.5 mm, and in the post-stenotic segment 4.5 mm (Fig. 3). The branches on the right 
side were irregular and narrow. The vessels in the upper part of the right superior pul- 
monary lobe were displaced by a zone of emphysema. In the left upper lobe, the branches 
of the pulmonary artery were irregular and narrow; they were regular and thinned out 
towards the periphery of the lower lobe. 
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Fig. 3. Systole. a) A. p. view. b) Lateral view. The pulmonary artery and its main 

branches are small and hypoplastic. Some stenoses followed by dilatation are present. 

Peripheral branches thin and irregular. No contrast filling in right upper lobe as the 
blood vessels are displaced. 


Discussion 


This case is one of a cardiovascular malformation characterized by 
the association of valvular pulmonary stenosis with multiple stenoses of 
the branches of the pulmonary artery. 

From the embryologie point of view the malformation is complex as 
there is an alteration in the pulmonary valves that originates from the 
truncus arteriosus at the point where it joins the conus arteriosus, and 
a change in the branches of the pulmonary artery which originates from 
the 6th aortic arch. This double embryonic origin probably explains the 
rarity of the malformation. There were probably also broncho-paren- 
chymatous malformations in the case reported. 

As a rule, valvular stenosis produces a normal or low pressure in 
the pulmonary artery; in this case frank hypertension was present. Pul- 
monary hypertension, from a physio-pathological standpoint, is produced 
either by an augmented blood flow with normal vascular resistance 
(shunts in A. 8. D., V. 8. D., A. V. R. and P. D. A.), by an increase in the 
vascular resistance, as in primary or secondary pulmonary arteriolitis, 
or by the presence of a systemic right ventricle with a free pulmonary 
passage. In our case, the pulmonary hypertension has to be accounted 
for by the increase in the resistance caused by the multiple stenoses of 
the pulmonary artery. 


Pulmonary hypertension caused by multiple stenoses of the branches 
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of the pulmonary artery has been reported previously by ARvIDSSON et 
coll. (1955). The fact that multiple stenoses of the branches of the pul- 
monary artery can produce pulmonary hypertension is one of the reasons 
which indicate the necessity of completing the investigation of cases of 
pulmonary hypertension, considered as primary, with selective angio- 
cardiography. 


SUMMARY 


A case of a complex cardiovascular malformation, characterized by a valvular 
pulmonary stenosis associated with multiple stenoses of the branches of the pulmonary 
artery and pulmonary hypertension, is reported. The necessity of performing selective 
angiocardiography to complete the investigation of cases of pulmonary hypertension 
considered as primary is stressed. 


ZUSAMMENFASSUNG 


Ein Fall mit einer komplexen kardiovaskuliren Missbildung, welche durch eine 
Stenose der Pulmonalisklappen bei gleichzeitigem Vorhandensein multipler Stenosen der 
Aste der A. pulmonalis und pulmonellen Hochdruckes charakterisiert ist, wird beschrie- 
ben. Die Notwendigkeit, eine selektive Angiographie zur Vervollstandigung der Unter- 
suchung in Fallen, bei denen man den pulmonellen Hochdruck als das Primire betrachtet, 
wird betont. 


RESUME 


Les auteurs présentent un cas de malformation cardio-vasculaire complexe carac- 
térisée par une sténose pulmonaire valvulaire associée 4 des sténoses multiples des 
branches de l’artére pulmonaire et & une hypertension pulmonaire. Ils insistent sur la 
nécessité de faire une angiocardiographie sélective pour compléter l’examen de cas d’hy- 
pertension pulmonaire considérée comme primitive. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: PROF, UMBERTO NUVOLI), 
UMBERTO I POLYCLINIC, ROME, ITALY 


VERTEBRAL ARTERIOGRAPHY BY PERCUTANEOUS 
PUNCTURE OF THE SUBCLAVIAN ARTERY 


by 
P. L. Barbieri and G. C. Verdecchia 


Since Moniz (1933) began to practice vertebral arteriography via the 
subclavian artery, surgically exposed in the supraclavicular fossa, nu- 
merous methods have been proposed by a great number of authors, 
among which may be mentioned in particular: Surmipzu (1937), Linp- 
GREN (1950, 1956), RADNER (1951), and SeRGENT (1952). 

At present, the following methods are the ones most commonly adopted: 

1) Percutaneous puncture of the vertebral artery, according to Linp- 
GREN, in its intraosseous course; 

2) Catheterization of the vertebral artery by way of the radial artery 
prepared surgically, according to RADNER. 

Two other methods have also been proposed and employed: 

3) Percutaneous puncture of the vertebral artery in the occipito- 
atlantal region (SERGENT-NAMIN). 

4) injection of the vertebral artery through catheterization of the 
subclavian artery via the femoral artery according to another technique 
of LinDGREN (1956). 

Both the direct percutaneous method and catheterization through the 
radial artery present certain problems. 
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Fig. 1. Cerebellar haemangioblastoma (arrow indicates angioblastic nodule). 


With the first method, the following complications may arise: a) diffi- 
culty in finding the vertebral artery in its cervical intraosseous route; 
b) the possibility of extravasation of the contrast medium in proximity 
; to the nerve roots and the subarachnoid space. In difficult cases, Linp- 
| GREN (1956) has suggested the alternative technique of catheterization 
of the subclavian artery: a proof of the problems and obstacles that one 
may encounter at times with the direct percutaneous puncture. 
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Fig. 2. Left temporo-parietal meningioma. 


Certain objections to RADNER’s method of catheterization may be 
raised, viz. technical difficulty of catheterization of the vertebral artery 
by means of a catheter introduced at the level of the elbow and the 
possible occurrence of spasm of the vessel around the catheter (LINDGREN) 
with the subsequent introduction of contrast medium much too concentra- 
ted. This last observation also holds for the percutaneous method if 
spasm of the artery occurs. 

The subclavian artery route for vertebral angiography was first 
proposed by Suimipzu in 1937. Others (including LrypGREN) have 
experimented with this method but with limited results. However, 
LINDGREN, when using a tri-iodic preparation of 35 or 50 °% concen- 
tration, has successfully demonstrated that it is possible to contrast- 
fill the vertebral artery and its branches by catheterization of the sub- 
clavian artery through the femoral artery. There is therefore reason to 
believe that the previous attempts to fill the vertebral artery after direct 
puncture of the subclavian artery did not produce good results owing 
to the non-employment of tri-iodic preparations. 

The problem consists in obtaining from the subclavian artery, by 
means of controlled injection of a known quantity and concentration of 
the contrast medium, an amount of blood containing a concentration of 
iodine likely to be tolerated by the vertebral artery. 

It is usual to inject 8 to 10 ml of a 35 % contrast medium directly into 
the vertebral artery. We have made a comparison of the blood output of 
the vertebral and subclavian arteries, which was found to be in the average 
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Fig. 3. a) Left vertebral artery of small caliber, compensated by 
b) right vertebral artery of large size. 


relationship of 1 to 4. On the basis of these hemodynamic considerations 
we have found it safe in our procedure to inject an amount of 15 ml 
Fortomobrine 70 °% in adults of average weight. The concentration of a 
contrast medium in the blood (the only important one, both from the 
viewpoint of arterial contrast-filling and eventual local toxie action) 
always depends on the blood output as well as the velocity of injection. 
The authors have compensated for the increased injection time (about 3 
seconds) by reducing the output of the subclavian artery by means of 
a hemostatic clamp around the axillary artery. 

The subclavian artery is punctured, preferably on the left side (to 
avoid concomitant injection into the carotid artery), in the triangular 
area in the supraclavicular fossa formed by the anterior scalenus muscle, 
the omohyoid muscle, and the clavicle. The vessel is localized by direct 
palpation after the neck has been flexed so that the anterior muscles are 
relaxed. General anesthesia is the rule. 

There have been no untoward incidents in the 15 cases in which our 
procedure has been carried out. These cases have enabled us to draw the 
following conclusions: 

1) The subclavian artery is easily accessible for percutaneous puncture. 

2) No direct trauma of the vertebral artery has been observed. 

3) Physiologic distribution of the contrast medium is obtained in the 
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field of the vertebral artery, starting from the subclavian artery which 
acts as a mixing reservoir; the pressure in the vertebral artery is not 
increased. (It has been stated that hyperpressure may cause serious 
incidents (NAMIN).) 

4) A clear roentgenographic representation of the vertebral artery with 
all its branches may be obtained. 

5) The demonstration of vertebral arteries of small caliber, which is 
probably difficult to achieve with direct puncture or catheterization, can 
be achieved with this method. 

Because of the few cases we have examined by the method a comparison 
with other techniques of vertebral angiography has not been possible. 
The ease of the procedure, the tolerance of the patient to it, and the roent- 
genographic results, however, give us reason to believe that this technique 
deserves further consideration. 


SUMMARY 


The authors describe a method of vertebral arteriography by means of the per- 
cutaneous puncture of the subclavian artery which has been carried out in 15 cases with 
satisfactory results. 


ZUSAMMENFASSUNG 


Die Verfasser beschreiben eine Methode der Vertebralisangiographie mit perkutaner 
Punktion der Arteria subclavia. Sie ist in 15 Fallen mit zufriedenstellenden Resultaten 
durchgefiihrt worden. 


RESUME 


Les auteurs décrivent une méthode d’artériographie vertébrale par ponction per- 
cutanée de l’artére sous-claviére, qui a été pratiquée avec de bons résultats dans 15 cas. 
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FROM THE ROENTGEN DIAGNOSTIC DEPARTMENT II (DIRECTOR: ASS. PROF. W. MAGNUSSON), 
SODERSJUKHUSET, STOCKHOLM, SWEDEN. 


TRAUMATIC RUPTURE OF THE SPLEEN DIAGNOSED 
BY ABDOMINAL AORTOGRAPHY 


Report of a case 
by 


Hans-Gésta Norell 


A survey of the case material from the Jewish Hospital in Philadelphia 
during the 1945—49 period showed 11 cases of traumatic rupture of the 
spleen out of 62,850 admissions, and at the Massachusetts General Hospi- 
tal 30 cases out of 3,154 abdominal injuries. Thus, traumatic rupture 
of this organ is a relatively rare occurrence. 

It is usual to distinguish between three types of traumatic rupture 
of the spleen: (1) extensive rupture with immediate, massive haemor- 
thage; (2) dribbling haemorrhage from small lacerations; (3) delayed 
haemorrhage in intracapsular damage. 

Clinical diagnosis may be difficult. This applies in particular to groups 
2 and 3, in which the symptoms are less alarming. They may subside 
soon after the accident, and make an often dramatic reappearance after a 
varying interval. This interval is generally around 3 to 14 days — ex- 
ceptionally one or several months — although one case is described in 
the literature in which the interval amounted to two years. 

In every case of splenic rupture, early diagnosis and surgical inter- 
vention are essential for the patient’s chances of survival. 


Submitted for publication 17 July 1957. 
29—573088. Acta Radiologica. Vol. 48. 
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Fig. 1 a) Survey roentgenogram of the spleen. b) Aortography. Separation of the 
branches of the splenic artery. 


In conventional survey roentgenograms of the abdomen, the positive 
findings are relatively few and inconstant, and are not infrequently 
lacking altogether. An enlarged spleen can sometimes be wholly or partly 
demonstrated. According to WyMAN (1954), depression and increase in 
breadth of the lower pole of the spleen is a fairly constant feature, which 
should be borne in mind. A spleen of normal size nevertheless by no 
means rules out a rupture. It is, however, far more common for the spleen 
to be unidentifiable, a diffuse soft-tissue density being present at its site, 
and sometimes causing displacement of neighbouring organs. Thus it may 
cause depression and medial displacement of the fornix of the stomach and 
the left colic flexure, and elevation of the left side of the diaphragmatic 
dome. Dilatation of the stomach, with prominence of the folds in the 
fornix and serration of the greater curvature, is stated in the literature 
to be a common feature. This-is regarded by some authors to be due to 
haemorrhage of the gastro-splenic ligament. GERSON-CoHEN et coll. 
(1951) suggested oblique projections over the spleen, after filling the 
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stomach and possibly the colon as well with negative or positive contrast 
medium, as an additional diagnostic aid. They also recommended studies 
of the movements of the left side of the diaphragmatic dome, and re- 
peated roentgenologic examinations during the preoperative observation 
eriod. 

, RiGLeR and OLFELT (1954) used abdominal aortography for demonstra- 
tion of the liver and spleen, and EpsMAn (1954) described a case in which 
a malignant tumour of the spleen was diagnosed by this method. RIGLER 
and OLFELT had no case of splenic rupture in their published series nor, 
as far as I am aware, has any case of splenic rupture diagnosed with the 
help of abdominal aortography been described elsewhere. Consequently, 
a report of such a case seems to be of interest. 


Case report 


A man, b. 1916 (Case sheet 1650). There was nothing of interest in the previous 
history. On 20 January, 1957, he had a fall when skating, and received a blow from his 
elbow beneath the left costal margin. He did not have severe abdominal pain, but felt 
unwell and stayed in bed. When he tried to get up, cold sweat broke out and he almost 
fainted. He was admitted to Surgical Department II, Sédersjukhuset, two days later. 

On admission his general condition was relatively good, although he was pale. Pulse 
rate 80/min. Blood pressure 105 mm Hg systolic. Tenderness and muscular rigidity were 
present over the left kidney and below the left costal margin. No resistance was palpable. 
Rectal examination disclosed nothing abnormal. Haemoglobin 77 per cent. Urinary sedi- 
ment: 0 to 2 erythrocytes, a few leukocytes. Non-protein nitrogen 39 mg/100 ml. 

Survey roentgenograms of the abdomen showed the left kidney to be on a lower leve) 
than the right, its lower pole being two fingerbreadths further down. Its lower pole was 
distinctly visible whereas the upper borderline of the kidney could not be identified. 
The psoas contour was normal. A soft-tissue density was present in the left hypochon- 
drium, making it impossible to distinguish between the renal and splenic outlines at this 
site. The splenic flexure was possibly displaced slightly downwards and medially. There 
was no fracture of the ribs or the transverse process on the left side (Fig. 1 a). New roent- 
genograms of the abdomen 29 January showed the same changes. 

Urography on 5 February showed a fairly large expansile process at the site of the 
spleen; it displaced the kidney somewhat medially, but there was no rupture of the kidney. 

Roentgenograms of the lungs on 7 February disclosed an inappreciable quantity of 
fluid in the left pleura and small atelectases in the left lower lobe, but nothing else 
pathologic. 

The haemoglobin count gradually fell, the minimum value being 57 per cent. 

Percutaneous transfemoral abdominal aortography was performed on 8 February. 
The catheter was introduced to the level of the intervertebral space between T 12 and L 1. 
The branches of the splenic artery were separated, and displaced in an arch, surrounding 
an expansile process corresponding to the lateral part of the spleen. The spleen was thereby 
enlarged; together with the expansile process it measured 18 cm in length and 10 em in 
breadth on the film (Fig. 1 b). 

In view of the roentgenologie findings and the nature of the injury, rupture of the 
spleen with a large lateral haematoma was regarded as probable. 
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Operation, 12 February (Engstrand). Laparotomy and splenectomy. The spleen was 
greatly enlarged; it measured 18 to 20 cm in length and was wrapped in omentum. On 
the lateral aspect, there was rupture of the capsule, with an encapsulated haematoma, 
twice the size of a fist, covered by omentum. Marked oedema was present in the surround- 
ings and in the tail of the pancreas. 

Apart from a rise in serum amylase, indicating damage to the pancreas, the post- 
operative course was uneventful, and the patient was discharged in good condition on 
2 March. 


SUMMARY 


A report is given of a case of traumatic rupture of the spleen, diagnosed by means 
of abdominal aortography. 


ZUSAMMENFASSUNG 


Es wird iiber einen Fall von traumatischer Milzruptur berichtet, die durch abdominale 
Aortographie diagnostiziert wurde. 


RESUME 


Présentation d’un cas de rupture traumatique de la rate diagnostiquée par aortogra- 
phie abdominale. 
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FROM THE RADIOLOGICAL DEPARTMENT (DIRECTOR: J. Z. WALKER), ROYAL 
INFIRMARY, GLASGOW, SCOTLAND 


THE VARIABLE ANGLE AS A MEASURING DEVICE 
IN RADIOGRAPHY INCLUDING TOMOGRAPHY 


by 


E. Calder 


This paper deals with observations on the ‘variable angle device’ 
for simultaneous measurement of the linear dimension of an object and 
its height above a given plane. Its purpose is not, however, to improve 
on the methods of measurement based on the principle of triangulation 
and other mathematical computations, but to present certain new facts, 
their practical application and the results obtained. The main departure 
from the other methods in use is that the measurement is based on the 
graphical localisation of the rays incident to a graduated arm set at any 
convenient angle to the horizontal, the object being parallel or at an 
angle to the plane of the film or to the measuring device. 

Measuring device. The measuring device (Fig. 1), which has been 
studied in the preliminary paper (CALDER 1956) is made of plastic ma- 
terial and consists of two arms adjustable to any angle suited to the 
thickness of the object in which the length and the height of a structure 
are to be determined. The required angle is held in position by two lock 
screws and accurately measured by the protractors incorporated on both 
sides of the short arm. A rod opaque to roentgen rays (see also Fig. 2) 
serves both as a pivot at the apex of the angle and as reference to the 
radiographed scale of the graduated arm on which large and small lead 
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454 E. CALDER 


Fig. 1. Measuring angle device. Pivot rod (R) indicates the apex 

of the angle and the zero of the graduated arm (5 mm spacing); 

lock screws (8, 8) between the latter and the protractors are 
mounted on the short arm. 


pellets are mounted alternately at 5 mm intervals to a length of 65 cm. 
The thickness of the short arm (base), or the pivot to table top distance, 
is 1.75 em. It is clear that if one drops an imaginary perpendicular from 
any pellet to the short arm one obtains a right-angled triangle in which 
the long arm is the hypotenuse, the short arm is the adjacent and the 
perpendicular is the opposite side of the selected angle. 


Theoretical principle of geometrical construction. The method is based on the geo- 
metrical consideration of two adjacent right-angled triangles (Diagram 1) to be visualised 
in planes at right angles to each other. One triangle (DCE) is formed by the measuring 
device being in the vertical plane, and the other triangle (ECF) by the graphical re- 
construction of the former in the horizontal plane, in which their common side (CE) 
— plane of the film — is localised on the projection of the graduated arm. It is evident 
that for a given linear dimension of an object, placed within the vertical plane of and 
in alignment with the graduated arm of the angle device, a corresponding segment of 
the latter will be coincidentally projected and equally enlarged on the film. By principle 
of parallax the point on the graduated arm with the same amount of shift as that of 
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Diagram 1. Principle of geometrical ¢ 
construction. Triangles DCE (measur- | 
ing device) and FCE (reconstruction 
of DCE) are in vertical and horizontal 
planes respectively. From F, and F, 
object ab, and segments x,y, and x,y, 
of CD, are coincidentally projected to 
CE where A,B, = X,Y, and A,B, = 
= X,Y,. Object parallax: A,A, (B,B,)= 
= 7,2, of the point Z, projected from 
CD. Points of reconstruction x,, y,, Z 
are localised on CF. Localising lines be- 
tween A,B, and x,y, are produced 
beyond CF. Correction line (dashed) at 
the level of Z on CF parallel to CE 


intersects localising lines at a and b, 


mn. hence ab determines object dimension. 
om Distance ab to CE is cz = Sin 20°. 
ich | 
the | 

the object is identified on the film. Since the projected apex (C) of the angle device is 
zeo- | indicated by an opaque pivot the angle used is precisely reconstructed, and the points 
ised | of coincidence as well as that of identical parallax localised on its hypotenuse (CF). The 
ring points of the enlarged object are joined with.the localised points of coincidence by lines 
re- representing incident rays. To localise the object and correct for its enlargement a line 
CE) is drawn parallel to the common side at the level of the marked off point of identical 
lent parallax. The distance between the points at the intersection of the line with those of 
and | the reconstructed rays gives the true dimension of the object. In practice, however, it 
t of is not necessary to localise the imaginary foci (f,, f,) nor the rays for the object parallax 
iple illustrated in the diagram. The distance of the object to the film is given by the trigono- 
t of metrical relationship. 
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Radiographic procedure 


Taking into consideration that the base of the angle device is 1.75 
em thick, and with Potter-Bucky grid the pivot to film distance in- 
creases (in the unit used it is 5.75 cm), certain radiographic and graphical 
modifications must be complied with to make them conform, under any 
radiographic condition, to the basic principle of geometrical construction. 

Separate projections of the object and the measuring device (Dia- 
gram 2) is essential, taking care that the plane of shift between the 
positions of the foci is parallel to the edge of the film and perpendicular 
to the base of the device. The table and the film must, therefore, be 
parallel to the direction of the tube movement. Before one is familiar 
with the technique it is also advisable to make use of a centring device 
and, if the above-mentioned requirements are complied with, only the 
centred pellet of the device is recorded. The strip of the film to be oc- 
cupied by the measuring device is protected by a lead mask and first 
the object radiographed using tube shift parallel to the dimension in 
question (F,, and F;,, positions). The object is removed from the table, 
the exposed area is screened off by a lead mask and the tube returned 
to its initial centring position (F,,). The measuring device (hol) is now 
set at a convenient angle parallel to the edge of the film in place of the 
lead strip and the tube centred over its graduated arm (F;,,). At this 
stage the angle device can be manipulated to bring the focus incident 
to a pellet (to avoid fractional reading). The centred pellet is noted, and 
the first exposure from this position, remaining in alignment with the 
original centring of the object, is taken. Thereafter, a second exposure 
(F.,) is taken, with the same tube shift as for the object but at right 
angles to the graduated arm. In the diagram, for the sake of simplicity, 
a parallel shift to the device is drawn (Cf. Diagram 2 and Fig. 2) and 
only the first projection of the graduated arm considered. 


Graphical construction. Since the apex of the measuring device is 
above the plane of the film (Diagram 2) its position on the film would 
vary for a given focus—film distance with its distance to the film and 
also with the angle at which it is projected. It follows that, provided 
the radiography is accurately carried out, the precision of the graphical 
construction on the film depends on the correct localisation of the apex 
of the reconstructed angle in relation to the projected object. While, 
therefore, the image of the projected apex of the angle device on the 
film is essential for graphical construction, it is the centred pellet on the 
graduated arm which is considered in the trigonometrical problem of 
reconstruction of the angle (see Diagram. 2). The principle of construc- 
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Diagram 2. Radiography. PPPP—film. hol—angle device set at 20°, distance d, to the film. 
ab—object. F,,, F,., F:,—Sequence of projections: F,,, F,, and hol—parallel to film 
axes. c—centred pellet is recorded. Z,Z,—parallax of z = A,A, (B,B,). Construction. Draw 
a line, OH, along the first scale image, oh; drop perpendiculars A,X, B,Y to OH, to identify 
coincident segment xy. Draw a line, LL', at distance, d, parallel to OH. Erect perpen- 
dicular at C, to indicate plane of centring C,C. Since OC, gives the scale of the actual 
length of oc, mark a point, C,, along C,C at distance = OC, x sin 20° from LL’, ¢. e. 
C,C, = ce, and describe an are with centre C, and radius = oc, to localise apex of hol on 
LL, at O'. Draw a line from O! through and beyond C, to construct angle L'O'H! = hol. 
Mark on O'H! points x,, y,, z,, at distances from O! = ox, oc, oz. Join Xx, and Yy, and 
produce these lines (point, f, is not localised in practice). Draw a line parallel to LL 
at the level of z, to intersect Xx,f and Yy,f at a, and b, and measure between them ob- 
ject dimension. Measure object (a,b,) to film (OH) distance directly or calculate from 
(O'z, sin 20°) + d. 


tion is otherwise the same as described in Diagram 1. The dimension of 
the localised object is measured directly whereas its height above the 
plane of the film or that of the table top is arrived at either directly or 
by simple trigonometrical consideration according to whether the film 
is in the Potter-Bucky tray or on the table (distance, d, in Diagram 2). 
It is understood that, if the film is in the Potter-Bucky tray, and the 
object to table top distance is required, this can be obtained either by 
subtracting the table top distance from the found object—film distance 
or better by the trigonometrical equation (see Fig. 2). 
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Fig. 2. Practical demonstration, 
Measuring device is set at 25°, 
Two paper clips are used, 12 em 
apart, 14.4 cm above Potter- 
Bucky film. A,B,—first projec- 
tion (distance magnified to 14.1 
em) with centring plane at 9.75 
em; perpendiculars to OH 
identify 2.5 and 16.5 em on the 
scale, OH. Note pivot rod, PR. 
A,A,—parallax corresponds to 
20.5 em pellet; LL'-base line 
5.75 em above OH; C,—centre 
of the circle along centring plane 
is at 9.75 x 0.4226 = 4.1 em 
from C,. Radius of the circle 
9.75 em long with the centre C, 
Fue localises the apex of the recon- 
a structed angle (on LL’) at 0%; 
P ab—actual distance (12 cm) be- 

tween the points of the object. 


Bosca] (20.5 x 0.4226) + 1.75 = 10.41 
or 10.41 + 4= 14.41 em 
above the film. Direct measure- 


ment: 14.425 em. 


Practical demonstration. For practical demonstration, Fig. 2, two 
paper clips are placed 12 cm apart, at a height of 10.4 cm from the table 
top, = 14.4 em above the Potter-Bucky film. The measuring device is 
set at 25° (its pivot—film distance being 5.75 cm). It is required to con- 
firm those measurements by applying the foregoing instructions. In 
Fig. 2, explanatory letters are used to simplify the correlation of the 
practical with the theoretical. The object, measuring on the film 14.1 
em, is reduced by accurate graphical construction to 12 cm and its height 
above the film and table top is determined by both methods with the 
mean of 10.415 and 14.415 em, respectively. 

It is worthy of mention that, provided the measuring device is par- 
allel to the edge of the film, the measurement can also be carried out 
when the object is found to be not parallel either to the image of the 
angle device or to the plane of the film. When the linear dimension on 
the film is not parallel to the measuring device, which is indicated by 
the difference in the lengths of the perpendiculars dropped between 
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Diagram 3. a) In comparison with fig. 2, object AB is not parallel to OH. Construction: 
Construct right-angled triangle ABC and read its angle BAC; proceed as instructed to 


AC ac 
sstimate the side AC then since AB = ——- 
ee . cos, 26° 30 cos. 26° 30 
ab and be are drawn for clarity but are not necessary in practice. b) Object at an angle to 
the horizontal. Principle of construction is as in diagram 1, except that instead of one, 
two correction lines are drawn at the levels of the points, z, and z, indicating the parallax 
of the respective points of the object, ab. The angle of inclination of ab is reconstructed. 


therefore = ab. Lines 


them (Diagram 3 a), then the projected dimension is used as the hypot- 
enuse of right-angled triangle constructed on the film. This is self ex- 
planatory since, if one angle which is not a right angle is known, then the 
length of the other two sides may be calculated by appropriate trigono- 
metrical relationship. It is understood that very accurate reading of 
the constructed angle is essential. It suffices to say that, if one con- 
structs an angle between 30° to 70°, then an error of 30’ in reading would 
result in the final inaccuracy not exceeding + 1.5 per cent (CALDER 
1956). On the other hand, should the object be not parallel to the film, 
which is apparent from the disparity of the parallax of its points, its 
dimension and inclination to the horizontal are reconstructed by a 
modification of the principle described (Diagram 1) in that instead of 
one, two correction lines are drawn at the levels corresponding to the 
parallax of the respective points of the object (Diagram 3 b). 


Accuracy of the method. Theoretically, the accuracy of the method 
needs no further proof. The assessment of its practical value is dependent 
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on the degree of precision in the various stages of the procedure, which 
requires due care in the elimination of the sources of error pertinent to 
the measuring device, radiography and graphical construction. The 
results of numerous experiments show that, when due care is taken, the 
overall error for any linear dimension and focus—film distance is + 0.5 
mm, and the maximum error not exceeding + 0.75 mm. 

As far as the measuring device is concerned, it is important to bear 
in mind that the graduation of the rule, the position of the protractors 
in relation to the apex of the angle (pivot) must be made as for a pre- 
cision instrument. It is thought that the use of a still finer graduated 
scale, with 2.5 mm spacing or less, should facilitate scale reading and 
thus enhance the consistency in the accuracy of the results. 

For the radiography the requirements are: 1) Elimination of any 
movement of the tube on the supporting column which may otherwise 
occur unnoticed. 2) The plane of tube displacement between the posi- 
tions centred on the object and angle device (F,, CC, F,, plane in Dia- 
gram 2) must be parallel to the edge of the film which, in its turn, should 
be parallel to the edges of the cassette, similar to that used in precision 
stereoroentgenometry. Also: 3) The angle device must be parallel to 
the edge of the film or film cassette; 4) the alignment of the centring 
device with the focus, and 5) the parallax tube shift for the object and 
angle device, must be the same for a given focus—film distance. 

The graphical construction is simple provided experience is gained 
in reading the correct parallax in relation to the object shift. In case 
of doubt between the readings of the parallax of two neighbouring pellets 
the average should be taken between those pellets. 


Application of the angle device to tomography 


In tomographic work the angle device is of assistance to enhance 
the accuracy of section and to economise in films, as well as for the 
estimation of the thickness of the tomographic layer, which has bearing 
on the radiographic detail, since different objects require variation in 
the actual depth of focus to obtain proper structural definition. 


Estimation of the object plane to table top distance. In this connection 
no advance is claimed on other methods in use, particularly on that of 
fluoroscopic preselection by Siemens’ Universal Planigraph, although 
the alternative method with angle device, by being inexpensive and or 
more flexible, may be useful. This method is also based on the parallax 
principle using separate exposures of the object and angle device, which 
can be accomplished on one film by separate screening off with lead 
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Fig. 3. Determination of tomographic cut level. a) Parallax of 12 em 

pellet of the angle device, set at 30° = object parallax. b) Tb, renal 

calcification. ¢) 7.75 em tomographic cut = (12 x sin 30°) + 1.75 
(pivot—table top distance). 


masks, or, instead, a permanent film record of the parallax of the angle 
device (with 30° and 45°) can be kept in the department for comparison 
with the object shift taken with standardised radiographic factors. The 
calculation of the height from the trigonometrical relationship of right- 
angled triangle must take into account the pivot to table top distance 
of the angle device, as explained in the practical illustration, Fig. 3. 


Estimation of the thickness of the tomographic layer. The thickness of 
the tomographic layer is conventionally determined by the formula 
given by KIEFFER (1939). This method is correct but, perhaps, cumber- 
some in that the calculation depends on the consideration of the focus- 
object plane-film ratio and on the tube travel distance; it also does not 
include objective visualisation of the maximum permissible blurring 
(m. p. b.) which is the conception of the radiographic image of the 
minimum diameter of the detail required. In the method described by 
the author, use is again made of trigonometry, and although the results 
are also governed by the arbitrary factor for m. p. b., the procedure is 
simple since it is independent of the above-mentioned considerations, 
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Diagram 4. Theory of determination of the thickness of tomographic layer. Angle device 

at 30°. F—L, fulcrum level at which sharpest definition of a pellet is obtained. Spacing 

(A), 0.5 em. Pellets corresponding to maximum permissible blurring (m. p. b.) are fourth 

above and below that at F—L, i. e. total pellet number (B) is eight. Tomographic layer 
thickness is (A x B) X sin 30° or (0.5 « 8) x 0.5 = 2 em. 


whereas m. p. b. is demonstrated on the film. In Diagram 4, the 
formation and estimation of the tomographic layer is analysed by 
taking tomographic section of the measuring angle device which, for 
this purpose, can be set at any angle. It is clear that the result ob- 
tained applies to a given focus—film distance and angle of tube rotation 
though these factors do not need to be taken into the mathematical 
consideration. The practical application of the theory is illustrated in 
Diagram 5. It is understood that a more finely graduated rule is in- 
dicated if one intends comparative estimations at various angles of tube 
rotation. 


Verification of the depth scale of the tomographic unit. Finally, it should 
be noted that the tomographic depth scale is sometimes inaccurate and 
its zero level may actually correspond to a height as much as 2.5 em or 
more above the table top, in which case the tomographic localisation, 
particularly for smaller lesions, is greatly invalidated, not to speak of 
the waste of films. It is, therefore, advisable to check the depth scale, 
for which the procedure is simple. One takes a tomographic cut of the 
angle device, set at a given angle and for any height of the fulcrum, 
which is noted. Referring to the same Diagram 5, the measuring de- 
vice is set at 20° with the fulcrum at the height of 6 cm indicated on the 
scale. The pellet which shows the sharpest definition is the 12.5 cm one; 
therefore, the plane of section is at the height of (12.5 x sine 20°) + 
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Diagram 5. Practical illustration of the theory in (diagr. 4). Angle device at 20°. Sharpest 

definition of a pellet at fulcrum level (6 cm height) is at 12.5 cm; m. p. b. is at 14.5 

and 10.5 em pellets (spaced 0.5 cm apart). Thickness of tomographic layer (author 

takes 2 mm as m.p.b.) is (0.5 x 8) x 0.34120 = 1.36 em for focus—film distance, 
100 em. and angle of tube excursion, 40°. 


+ 1.75 or (12.5 x 0.342) + 1.75 = 6.02, which is in keeping with the 
depth scale. Alternatively, if the fulcrum is set at 6 cm, one can antic- 
ipate which pellet should be most sharply defined for any angle chosen. 
In the above example this should be (6 — 1.75) : sine 20° = 12.43 cm. 
Again, a more finely graduated rule is recommended whenever com- 
parative estimations at various angles are contemplated. 


SUMMARY 


Experimental application of a ‘variable angle device’ for the simultaneous measure- 
ment of breadth and depth is detailed. The overall error for any linear dimension and 
focus—film distance rarely exceeds + 0.5 mm with an outside limit of + 0.75 mm. The 
use of the angle device for tomographic work in the localisation of the plane of section. 
estimation of the thickness of the tomographic layer and verification of the depth scale 
of the tomographic outfit, is described. 
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ZUSAMMENFASSUNG 


Die experimentelle Anwendung einer »variablen Winkelanordnungs fiir die gleich- 
zeitige Messung von Breite und Tiefe wird ausfiihrlich besprochen. Der Gesamtfehler 
fiir jede lineare Dimension und den Fokus—Filmabstand iibersteigt selten + 0.5 mm mit 
einer diusseren Grenze von + 0.75 mm. Die Benutzung der Winkelanordnung fiir tomo- 
graphische Arbeit (Lokalisation der Schnittebene, Bestimmung der Dicke der tomo- 
graphischen Schicht, Verifikation der Tiefenskala des Tomographen) wird beschrieben. 


RESUME 


L’auteur décrit en détail application expérimentale d’un «dispositif & angle variable» 
pour la mesure simultanée de la largeur et de la profondeur. L’erreur totale sur chacune 
des dimensions linéaires et sur la distance foyer—film dépasse rarement +- 0.5 mm 
avec une limite extréme de +-0.75 mm. L’auteur décrit l'utilisation de ce dispositif 
angulaire en tomographie (localisation du plan de coupe, estimation de |’épaisseur de la 
couche de coupe tomographique, vérification de la graduation de profondeur du dispo- 
sitif tomographique). 


REFERENCES 


Catper, E.: A study of the variable angle as a measuring device of linear dimension, 
Brit. J. Radiol. 29 (1956), 386. 

Kierrer, J.: Analysis of laminographic motions and their values. Radiology 33 (1939), 
560. 


FRC 


M 


a9 
= 
se 
- Ww 
th 
ra 
it: 
as 
| 
be 
i W 
4 } in 
e 
a 
r 


le» 
Ine 
nm 
itif 
la 
po- 


on. 


39), 


FROM THE EYE CLINIC (DIRECTOR: PROF. S.WERNER) AND THE ROENTGEN DEPARTMENT 
(DIRECTOR: PROF. C, WEGELIUS), UNIVERSITY HOSPITAL OF TURKU, FINLAND 


MEASUREMENT OF THE HUMAN ELECTRORETINO- 
GRAPHIC ROENTGEN THRESHOLD DOSE 


by 


V. Elenius and E. Sysimetsa 


Soon after the discovery of roentgen rays it was found that visual 
sensations, so called phosphenes, could be elicited if dark-adapted eyes 
were irradiated. Lipetz (1955) concluded that the rods of the retina, 
the receptors containing visual purple, are directly excitated by the 
radiation and that the fluorescence in the eye media and in the retina 
itself is very small. The visual purple can be bleached by roentgen rays 
as well as by light. 

The electrical responses of the retina to roentgen stimulation have 
been studied by Himstept and NaGEL (1902). They measured the current 
which flowed between electrodes on the cornea and the posterior pole 
of the eye when the retina was stimulated, and found that the response 
was much greater in the eyes of animals in which the rods dominate 
in the retinae, and that the ‘action current’ was greater in a dark-adapted 
eye. 

In the human retina the rods are numerous and a large-amplitude 
b-potential is the principal part of the electroretinogram in a dark-adapted 
eye stimulated by light. It therefore seemed to us that probably human 
electroretinograms could be elicited with quite weak roentgen stimuli 
and that it would be of interest to try to measure the human electro- 
retinographic roentgen threshold dose. 


Submitted for publication 14 September 1957. 
30—573088. Acta Radiologica. Vol, 48. 
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Diagram 1. Two electroretinograms of equal amplitude of 0.15 mV. (A) Roentgen 

ERG. (B) Light ERG. In (A) the stimulus marker is above and in (B) below the ERG. 

The stimulus duration was 0.2 sec in both cases. Calibration 0.5 mV. Timemarker 0.1 
and 0.02 see. 


Method 


The method described by Karre (1948) was used for the ERG recording. The weak 
fluorescense in the plastic contact glass electrode was evaluated as a negligible factor 
in producing ERG, because of the great optical density of the lenses in the cataractous 
eyes examined. The roentgen stimulus was provided by a Siemens Tridoros apparatus 
with a Pantix 125/30/50 6 Tube. The whole tube was covered with a black covering 
which did not transmit light. A piece of roentgen fluorescent screen placed on the aperture 
of a photocell was employed for stimulus marking. The roentgen tube was situated 
directly above the eye to be examined, and the area exposed to the radiation adjusted 
to cover the eye and the photocell. The patient was recumbent, and the axis of vision 
made an angle of 45 degrees with the incident vertical roentgen beam. If the distance 
of the tube was changed during the experiment, the other eve was protected with a lead 
plate. The dose at the level of the eye was measured with a Siemens Universal dosemeter. 
Only cataractous eyes were examined. One senile cataract eye was exposed to a total 
dose of 27.5 r; in other cases the total dose was under 10 r. The eyes examined were 
light-adapted to 1 lux illuminance for a 30 minute period before the beginning of the 
dark adaptation. The standard single-flash white light ERG was performed with 20 lux 
stimulus after 5 minutes dark adaptation. The eyes examined were anesthetized with 1°) 
tetracaine drops, and the pupils were dilatated with 1 °,, homatropine. 


Results 


It was found in preliminary experiments that electroretinograms 
could be recorded from a dark adapted eye if a stimulus of 0.2 see dura- 
tion at 110 kV and 80 mAs was given from a distance of 60 cm. The 
dose of this stimulus was 4 r at the level of the eye. In an eye with senile 
cataract of a 50-year-old subject the shortening of the exposure time 
to 0.025 sec (10 mAs) caused the ERG response to diminish to a just 
measurable wave. When the voltage was decreased in steps of 10 kV, 
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G | 


Diagram 2. Roentgen electroretinograms from an eye with senile cataract. Stimulus of 

0.2 sec in the whole series. In (A) and (B) the dose was 5.75 r, in C = 4 r, D= 2.9 r, 

E=2.25r, F= Lizr,G@= 1.447r, H= 1.17 r, 1= 1 rand in J = 0.85 r, respectively. 

The record (A) was taken after 10 minutes and (B) after 30 minutes dark adaptation. 

From C to J one record was obtained every minute. Calibration 0.5 mV. Timemarker 
0.1 and 0.02 see. 


and the stimulus duration was kept at 0.2 sec (80 mAs), the last meas- 
urable ERG response was found at 60 kV. 

Record A in Diagram | is a roentgen ERG, and B a light ERG, both 
taken after 20 minutes dark adaptation. The stimulus duration was 0.2 
sec in both cases, and the amplitude of the b-wave 0.15 mV. The roentgen 
stimulus was 110 kV, 80 mAs and 4 r, and the light stimulus 0.2 lux. 
In both, a slowly rising positive b-wave is the only component of the 
ERG. It is seen that if the stimulus duration and the potential amplitude 
are equal, there is no difference in the latency and rise time of the roent- 
gen and light ERG. In our case, they were both about 0.1 sec in duration. 
The roentgen ERG (A) was taken from the right eye of a 26-year-old 
female with tuberculous iridocyclitis and cataract. The standard light 
ERG of the same eye was 0.34 mV. The light ERG (B) is from a normal 
eve of another subject: the standard ERG of this eye was 0.36 mV. 

In Diagram 2 all the records were taken from a senile cataract eye 
of a 68-year-old male before operation. After removal of the cataract 
the fundus and visual acuity of this eve were normal, and the standard 
light ERG was 0.32 mV. This eye was stimulated by the greatest single 
dose given in our experiments, 5.75 r from a 50 cm distance (Diagram 
2, A and B). The record A was taken after 10 minutes and the record 
B after 30 minutes dark adaptation. The amplitude of the b-wave clearly 
increases in the dark: in A it is 0.15 mV and in B 0.21 mV. The records 
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C to J were taken from the same eye by moving the roentgen tube in 
steps of 10 cm and obtaining one record every minute. In C, the distance 
was 60 cm and the dose 4 r, while in J these quantities were 130 cm and 
0.85 r, respectively. When the distance was increased to 140 cm and 
the dose 0.73 r, the b-wave disappeared. One other similar senile cataract 
eye (with 0.31 mV standard light ERG, normal visual acuity, and normal 
eye fundus after operation) was examined but stimulated by doses given 
only from 100 to 140 cm distances; in this eye too, the last measurable 
b-wave was found when the dose was 0.85 r. 


Discussion 


We have found the roentgen and light electroretinograms of 0.15 
mV amplitude to be identical as concerns the latency time and the rise 
time (Diagram 1, A and B). This seems to be in agreement with the results 
of Lipetz (1955), who reported impulse discharges from isolated ganglion 
cells of frog retina stimulated either by roentgen rays or light to be 
‘indistinguishable in types and latencies’. Yet the amplitude of the b- 
waves which we have compared in Diagram | is only about one half 
of the theoretical maximum. Much higher roentgen and light intensities, 
the latter being in the range known to stimulate the cones in the ERG, 
should be used to determine if roentgen rays at all can produce steeply 
rising b-waves with short latent periods. 

The threshold roentgen dose was 0.85 r in two senile cataract eyes 
which were stimulated from several distances by 0.2 sec flashes at 110 
kV. In another senile cataract eye a threshold dose of 0.5 r was found by 
shortening the exposure time to 0.025 sec at 110 kV while keeping the 
tube at a 60 cm distance. PAPE and Zakowsky (1954) found that for 
the subjective threshold dose the product of duration and intensity of the 
roentgen stimulus for perception of the phosphene was nearly constant 
when the stimulus duration was shorter than 0.02 sec. Their threshold 
dose was 0.5 mr for 0.02 sec stimulus and it was independent of volt- 
age between 40 and 180 kV. 

Our electroretinographic roentgen threshold dose is about one thousand 
times greater than the subjective threshold dose of Pape and ZAKOowsKY. 
The difference between these thresholds is of the same magnitude as the 
difference between the electroretinographic and subjective light thresh- 
olds. In our electroretinographic measurements the whole retina was 
irradiated. Pape and Zakowsky used a restricted test field. The thresh- 
old dose is known to depend on the intensity and duration as well as 
on the size and retinal location of the stimulus. It also depends on the 
state of adaptation of the retina and on the age of the subject examined. 
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SUMMARY 


The electroretinographic roentgen threshold was measured in human subjects and 
the method employed is described. The threshold dose was found to be about 0.5 r, 
which is about one thousand times greater than the subjective roentgen threshold dose. 


ZUSAMMENFASSUNG 


Der elektroretinographische Réntgenschwellenwert wurde beim Menschen gemessen, 
Die dabei benutzte Methode wird beschrieben. Der Schwellenwert liegt bei etwa 0.5 r. 
Dieser ist etwa tausend Mal grésser als die subjektive Réntgenschwellendosis. 


RESUME 


Les auteurs ont mesuré sur des sujets humains le seuil électrorétinographique pour 
les rayons roentgen. Ce seuil est de 0.5 r environ, c’est-a-dire 4 peu prés mille fois supérieur 
au seuil roentgen subjectif. 


REFERENCES 


Himstept, F. and NaGe., W. A.: Versuche iiber die Reizwirkung verschiedenen Strahlen- 
arten auf Menschen und Tierenauge. Festschrift. Freiburg Universitat 1902. 

Karpe, G.: Apparatus and method for clinical recording of the electroretinogram. Docum. 
ophthalm. 2 (1948), 268. 

Livetz, L.: The X-ray and radium phosphenes. Brit. J. Ophthalm. 39 (1955), 577. 

Pare, R. and Zaxowsxky, J.: Die Réntgenstrahlensensibilitat der Retina. Fortschr. 
Rontgenstr. 80 (1954), 65. 


2 
al 
le 
| 
| 
ts 
mn 
b- 
lf 
S, 
ly 
es 
10 
ne 
or 
ne 
nt 
Id 
t- 
id | 
h- 
aS 
h- 4 
as 
he 
d. 


FROM STATENS RADIOLOGISK-FYSISKE LABORATORIUM (DIRECTOR: K. KOREN), 
RIKSHOS PITALET, OSLO, NORWAY 


RADIATION DOSAGE IN DENTAL ROENTGEN 
EXAMINATIONS 


by 


Kristian Koren and Sem Maudal 


The radiation dose received by a patient during roentgen diagnostic 
procedures varies directly with the quality of the radiation employed. 
This fact is demonstrated in a striking way in dental roentgen examina- 
tions where the radiation qualities range mostly between 45 and 70 kV,. 

Measurements based on uniform blackening of normal dental film 
obtained from standard 45 kV, and 70 kV, units at FSD of 11 cm and 
18.5 em, respectively, were compared. Such units are extensively used 
in Norway. The skin dosage was found to be as much as about 18 r per 
exposure in the former case and around 6 r in the latter, measured cen- 
trally in the beam and in free air. 

It would appear at first sight that the higher kilovoltage is much 
to be preferred for dental roentgenography from the standpoint of safety 
considering that it takes at least 10 exposures to cover a full-mouth ex- 
amination. Further investigations have shown, however, that other 
dosage factors must also be taken into consideration. 

In order to determine the effective skin dosage during full-mouth 
roentgenography, a point of measurement must be fixed while the jaws 
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are exposed from ten different points (and angles). Obviously, the ac- 
cumulated dose at the point of measurement will depend not only on 
the penetrating power of the radiation, but also on the size of the radia- 
tion beam. If the beam is too wide, there is a fair risk that several ex- 
posures may overlap, and thus build up a considerable dosage at the 
point of measurement. 

By means of a dried skull, surrounded by a suitable layer of wax- 
simulating soft tissue, we built up a phantom in which we embedded a 
Victoreen thimble chamber to its axis. This chamber had previously 
been calibrated at 50 kV, against our open air standard chamber in order 
to obtain a correct chamber factor. 

We found that ten exposures with the 45 kV, unit produced a total 
skin dose of 31.1 r, when the standard annular diaphragm was retained 
in the tube head. This diaphragm is chosen to cover the dental film 
with a small safety margin. If this diaphragm is removed, as is often 
the case in practice, the beam becomes much broader, resulting in a 
dose build-up amounting to 44.8 r. As a comparison, ten exposures with 
the 70 kV,, unit lead to a total skin dose of 47.4 r. The standard integral 
diaphragm of the latter had a very wide aperture. 

These few dose figures demonstrate clearly how important it is to 
keep the beam diameter to a minimum in order to reduce the skin dosage 
as much as possible. Optimal conditions will obviously be found when the 
radiation is chosen as hard as easy interpretation of the roentgenograms 
permits, and when the beam is limited to cover a normal dental film 
with a small extra margin. 

There seems to be no indication in the literature of threshold doses 
for somatic damage in dental roentgen examinations. If too broad a beam 
is applied to the upper jaw, however, the lens of the eye may well be 
irradiated. Damage to the eye has been observed after an exposure of 
200 r (PopPE 1956). 

As a supplementary investigation, we measured the dosage received 
centrally in the mouth cavity. The 45 kV, unit produced 18.0 r and the 
70 kV, unit 10.7 r after ten exposures. 

All the dose figures above refer to a film of normal speed. A faster 
film can cut the exposure times and the doses to about one half, and 
an ultra-fast film to nearly a tenth. 


SUMMARY 


The skin dosage produced by standard 45 kVp and 70 kVp dental units were com- 
pared. The latter unit was found to produce the smaller dose but only if fitted with a 
suitable diaphragm. 


| 
Cc 
y 
r 
1 


472 KRISTIAN KOREN AND SEM MAUDAL 


ZUSAMMENFASSUNG 


Die von Standard-Dentalapparaten von 45 und 70 kVmax erzeugten Hautdosen 
werden verglichen. Der letztere Apparat erzeugte eine kleinere Dosis, jedoch nur dann, 
wenn er mit einer geeigneten Blende versehen ist. 


RESUME 


Les auteurs ont comparé les doses 4 la peau données par des appareils habituels de 
radiographie dentaire 4 45 kVp et 70 kVp. Ce dernier appareil fournit une dose moindre, 
mais seulement s’il est muni d’un diaphragme convenable. 
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FROM THE INSTITUTE OF RADIOPHYSICS (DIRECTOR: PROF. ROLF M. SIEVERT), 
KING GUSTAF V JUBILEE CLINIC, KAROLINSKA SJUKHUSET, STOCKHOLM, SWEDEN 


A SUBSTANDARD CONDENSER DOSEMETER AND 
ITS CALIBRATION AGAINST FOUR NATIONAL 
FREE-AIR STANDARD CHAMBERS 


by 
R. Thoraeus 


A complete installation for standard measurements of roentgen 
radiation was planned and designed at the Institute of Radiophysics 
by the author in 1929. This was completed in 1930 (4), and its free-air 
ionization chamber has since been the primary Swedish standard for 
quantitative radiation measurements, by which substandards and sec- 
ondary instruments are calibrated. However, on account of its principle, 
a free-air standard chamber can only be used for radiation measurements 
in a narrow beam of accurately defined direction, and is therefore merely a 
laboratory standard instrument. 

Measurements of effective doses, or dose rates, 2. e. with backscatter 
included, are, however, met with in most clinical and experimental radi- 
ologic work. For such purposes, other kinds of ionization chambers are 
required, and small, closed chambers of various types and sizes are then 
at our disposal. The second step necessary for a complete introduction 
of the r-unit in general clinical and experimental radiologic work in 


Submitted for publication 15 April 1957. 
A survey of the results in this paper was given at the Congress of the 
Northern Association of Medical Radiology, Copenhagen, on 14 June 1957. 
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Sweden was then to construct an instrument able to serve as a portable 
substandard, and to provide it with reliable and suitable ionization 
chambers. At that time certain condenser dosemeters of satisfactorily 
high electrostatic insulation had been used for some years by S1EVERT (3), 
and proved convenient and reliable when properly constructed for the 
purpose considered. A special type of condenser dosemeter was then 
designed (5). It includes a number of various separate ionization chamber 
units, and a suitable number of interchangeable, additional capacitors. 
The ionization chamber units form the fundamental part of the condenser 
dosemeter. The function of an added capacitor is to reduce the sensitivity 
of the chamber unit to the level required by the actual conditions. By 
this design each chamber unit may be used separately and, with or without 
an added capacitor, calibrated against a free-air standard chamber. 
Hence, the experimental investigation of the radiation measuring prop- 
erties of the ionization chamber units was considerably simplified, and it 
was possible to construct a convenient substandard the sensitivity of 
which could easily be changed within wide limits. 

The use of condenser dosemeters provides: 1) a suitable instrument 
for reading the potential difference in the dosemeter unit, and 2) a battery 
for charging the unit. An electrometer unit with a battery of the potential 
required was consequently designed and constructed (5). The electrometer 
of this unit is a Lutz-Edelmann single string instrument in which both 
the string and the knifeedges are adjustable by micrometers. This electro- 
meter unit has proved to be very useful and reliable and, in fact, is still 
used with but a few small improvements; more than 20 years’ experience 
has shown that it is comparatively insusceptible to vibrations occurring 
in connection with transportation. A charging potential of 360 to 370 
volts is commonly used. The electrometer is adjusted to a moderate 
sensitivity corresponding to 364 volts per 95 scale divisions, 7. e. 3.83 
volts per scale division, which is constant over the whole scale. The 
scale has 100 divisions, and each reading is read to + 0.1 scale division. 
The substandard described has been gradually supplied with a number of 
ionization chamber units for different purposes, and one of these units 
has been used in the investigation reported in this paper. ° 

In 1952, the author suggested a plan of comparing the national, 
stationary Swedish free-air standard chamber with the national free-air 
standard chambers of Great Britain, U. 8. A., and Western Germany. 
According to this plan the program of comparison should be based on the 
use of: 1) a portable free-air standard chamber unit, and 2) a substandard 
thimble chamber unit for concomitant secondary measurements. In 
three previous papers (6, 7, 8) the results obtained with the portable 
free-air unit have been presented. Three other papers (1, 2, 9) may be of 
interest in this connection. The results obtained with the substandard are 
briefly given in the following. 
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Table 1 
Teddington, England Frankfurt, Germany Washington, U.S. A. 
Ratio of Ratio of Ratio of 
Electrometer | corresponding | Eiectrometer | corresponding | Electrometer corresponding 
readings in potentials: readings in potentials: readings in potentials: 
scale divisions | ‘Teddington | scale divisions Frankfurt scale divisions Washington 
Stockholm Stockholm Stockholm 
52.1 0.995 14.3 0.994 26.3 1.003 
62.9 0.995 28.4 1.001 46.0 1.003 
73.1 1.000 42.5 1.002 66.2 1.000 
83.1 0.995 56.6 1.000 87.4 1.002 
91.2 1.005 70.9 0.998 98.5 1.000 
97.7 1.004 76.0 1.000 
Average 0.9990 + 0.5 % Average 0.9993 + 0.4 % Average 1.0016 + 0.15 % 


The electrometer unit described above, and used to read the substand- 
ard, has been the subject of extensive calibrations. It has been calibrated 
in this institute against our precision voltmeter, the accuracy of which 
by experimental investigations has been found to be +- 0.2 per cent. It 
has further been calibrated at the institutions abroad, which were visited 
in connection with the realization of the comparison program mentioned 
above. Before each of the three visits abroad the electrometer was carefully 
adjusted and calibrated in this institute, and after the transportation was 
‘alibrated in the institutions visited. In England and Germany, the unit 
was calibrated against precision voltmeters, and in the U. 8. against a 
potentiometer provided with a standard cell. The last-mentioned measur- 
ing equipment has a somewhat higher accuracy than the others. In 
addition, the electrometer calibration diagram used during the visit to 
the U. 8. A. was drawn to a scale twice as large as that used during the 
visits to England and Germany. 

The calibration results are given in Table 1. It may be seen that 
potential measurements with this electrometer unit can be made with 
the same accuracy as is obtained with our precision voltmeter. The result 
also shows that the electrometer used is remarkably constant and reliable, 
and thus very convenient. In fact, the maximum deviation of the average 
ratio values from the ratio unit is not more than 0.16 per cent. The 
electrometer equipment described can be used to read, and charge 
practically all types and sizes of condenser dosemeters, with or without 
added capacitors. 

The main features in the design of the substandard ionization chamber 
unit have already been mentioned. The unit consists of a graphite thimble 
chamber unit and an added capacitor. The thimble has an external 
diameter of about 14.5 mm; the inner electrode is hollow, of the same 
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Fig. 1. Dependence upon direction of the readings of the 
substandard thimble chamber unit. 


material, and has an external diameter of about 8 mm. Both have a wall 
thickness of about 0.7 mm. The substandard is schematically illustrated 
in Fig. 1. 

One of the additional capacitors of the substandard was used as 
collecting capacitor in the portable free-air standard chamber unit. This 
capacitor consists of coaxial brass tubes with air as a dielectric medium, 
except at the ends where the tubes are mechanically fixed in position by 
small amber rings. This capacitor is protected against stray radiation by 
3 mm lead + 1 mm brass. It was separately calibrated at the institutions 
visited, and the values obtained in micromicrofarad were as follows: 


In England: 204.4 
In Germany: 204.2 
In U. S. A.: 204.2 + 0.2 uwyF 


As may be seen, the values obtained are very nearly the same. This 
shows that the capacitor itself has the very high constancy required for 
the purpose in hand. 

A substandard of the condenser dosemeter type is used under various 
conditions. It must consequently be tested in order to obtain evidence of 
its proper function. Typical tests are reported in the following; in all 
cases the charging potential was 364 volts. 

The fundamental conditions which must be fulfilled by a condenser 
dosemeter are: 1) the leakage discharge, when the unit is not intentionally 
irradiated, should preferably be small enough to be negligible, or else 
constant enough to be corrected for; 2) the drop in potential caused by 
irradiation must be proportional to the amount of radiation received 
by the ionization chamber. 


100 80 

120 60 

‘ 

if 

LTR | 

/* 


A SUBSTANDARD CONDENSER DOSEMETER 477 


Diagram 1. Linear relation between 
drop in potential and exposure time 
using a constant dose rate. 


The leakage is usually checked by observations at suitable intervals 
in the periods between the measurements (one or more days, or a number 
of hours), and has been found to be small enough (not above 0.1 volt per 
hour) to be negligible in all ordinary measuring series. The linear relation 
between the drop in potential and the radiation dose was investigated by 
irradiating the unit at the surface of a rotating phantom for different 
numbers of complete revolutions of the phantom, actually from 1 to 15 
revolutions, each of which equals 0.8 minutes, using a constant dose rate 
of 6.4 r/min. 

By using a rotating phantom, the rotation axis of which is perpen- 
dicular to the surface field irradiated and coincides with the centre line 
of the incident radiation beam, the influence of eventual differences in 
the dose rate, at the same distance from the centre of the field, but in 
various directions from that centre, is completely eliminated. Due to this 
favourable fact, a considerable number of condenser dosemeters can be 
irradiated simultaneously for the purpose of calibration. Each of them is 
positioned with the centre of the air volume at the same distance from 
the centre of the field. Irradiated for a whole number of revolutions, all 
the chambers receive the same dose. 
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Table 2 


on Relative drop in potential per mA-minute 
r/min. 


first series |second series| third series | fourth series 


1.000 
1.000 — 
1.007 — 
1.000 
1.000 
1.000 — — — 
86.9 1.000 — — 
137.6 — 1.000 
| 276.5 — 0.994 


Diagram 1 shows the residual potential plotted against the number of 
revolutions, N, 7. e. as a function of the exposure time. Excepting for 
the value obtained at 15 revolutions, at which the potential has been 
reduced to below that required for saturation current, all the experimental 
values are accurately covered by a straight line starting from the charging 
potential of 364 volts. After fourteen revolutions the residual potential 
is only 34.5 volts which, however, evidently produces saturation current 
at the dose rate used. The substandard is usually not given doses which 
reduce the potential below 100 volts, corresponding to a minimum electric 
field strength of about 400 volts per cm in the chamber. As a further study 
of the linearity, the potential drop in seven consecutive revolutions has 
been calculated with the following result: 


0 to 7 revolutions give a drop of 364 to 199.5 = 164.5 volts 
3 to 10 » » » » » 293 to 128.5 = 164.5 » 
7 to 14 » >» » » » 199.5 to 34.5 = 165.0 » 


The values agree within a maximum margin of 0.5 volt which is the 
accuracy with which the individual potentials can be safely read. 

Substandards are usually calibrated by a number of different radiation 
qualities. Such instruments, however, are often used for measurements of 
different dose rates; in consequence, the substandard described has been 
tested at dose rates from 6.4 to 276.5 r/min. The calibration was made 
by four series, connected by extensive overlapping. In each series the 
values obtained are given in proportion to that at the lowest dose rate, 
which is indicated by 1,000. The results are shown in Table 2. It is seen 
that the maximum deviation is within + 0.7 per cent. In these series the 
residual potential difference in the chamber was never below 105 volts. 
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Table 3 


Probable 
HVL Average value maximum error 
in measure- 
ments of the 
0 to 150° | 0 to 160° | 0 to 170° | 10 to 170° | total radiation 


mm Cu 


0.075 0.929 0.894 0.869 0.871 2.2 % 

1.1 0.951 0.932 0.906 0.904 2.2 % 

3.4 0.976 0.959 0.937 0.942 1.5 % 
Table 4 


Calibration jactors in r per volt 


Stockholm 


HVL Teddington | Frankfurt Stockholm | Washington 
mm Cu | *¥erage M6) June 1953 | May 1954 | Sept. 1954 | Febr. 1956 | Average 
0.06 0.205 0.208 0.203 0.202 0.203 4 


0.1 0.203 0.202 0.200 0.201 0.202 
0.3 0.201 0.201 0.199 0.202 0.201 
1.0 0.200 0.203 0.204 0.204 0.205 
2.0 0.203 0.208 0.207 0.206 0.207 


os 


The calibration of a substandard is usually made with the incident 
beam perpendicular to the longitudinal axis of the chamber. In order to 
investigate how far the reading of the dosemeter is independent of the 
angle between the longitudinal axis of the chamber and the direction of 
the beam, the chamber was positioned at various angles and, at each 
position, entirely irradiated by a constant dose rate for a constant 
exposure time, the focal distance being the same. The result obtained is 
presented graphically in Diagram 1. The dotted curve was obtained with 
the radiation excited by a tube voltage of 300 kV constant potential and 
filtered to give a HVL of 3.4 mm Cu. The solid line curve was obtained 
with the radiation excited by a tube voltage of 200 kV and filtered to give 
a HVL of 1.1 mm Cu. The third curve was obtained with the radiation 
excited by a tube voltage of 100 kV and filtered to give a HVL of 0.075 mm 
Cu. As may be seen, the constancy of the reading is fairly good within 
angles of 0 to 140° measured from the top towards the base of the chamber. 
The average values for the three curves at angles of 0 to 150°, 0 to 160°, 
and 0 to 170° have been obtained by integration. The areas enclosed by 
the curves have then been compared with the areas correspondingly 
enclosed by the unit circle in the diagram. The results are collected in 
Table 3. It may be noted that the chamber was not buried into the 
phantom, but only touched its plane surface. This way of measuring the 
surface dose, or skin dose, is the only practicable one in clinical work: 
for uniformity we prefer to use it even in the phantom measurements. 
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“0.2 ; Tee 
Stockholm 1946-1952: 0.203417 % 


London june 1953: 0.2044 2.1% 


0.210 
Frankfurt May 1954: 0. 202 +1-8% 

Sept. 1954: 0.203 

E 

0.05 0.1 4 2 3 


Diagram 2. Graphic representation of the calibration factors. 


In measurements of the effective doses at the skin of a patient, or at 
the surface of a phantom, the primary beam is usually perpendicular to 
the longitudinal axis of the chamber, and thus only the scattered radiation 
is measured, according to the curves in Fig. 1. In such measurements, 
however, the scattered radiation is passing the chamber at angles between 
about 10 and 170°, and the percentage amount of scattered radiation in 
the total radiation is about 20 per cent at a HVL of 0.075 mm Cu, and 
30 to 35 per cent at the other half value layers, using moderate field sizes. 
Lacking accurate information, we may assume that the dose rate of the 
scattered radiation is the same in all directions. We are then able to 
calculate the probable maximum error in measurements of the total 
radiation at the skin, or the surface. The average values corresponding 
to 10 to 170°, and the errors calculated are given in the two last columns 
of Table 3. It may be seen that the calculated maximum error may amount 
to about two per cent. However, as the scattered radiation passing the 
chamber at angles of 10 to 40° and 130 to 170°, because of larger absorption 
and distance, may be expected to give proportionally smaller contribution 
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than that passing at angles of 40 to 130°, we may conclude that the real 
errors are smaller than those in the last column of Table 3. 

In this connection one should remember that the half value layer of 
the secondary radiation may be considerably different from that of the 
exciting primary beam. Owing to this fact, ionization chambers, the 
calibration results of which show considerable dependence upon energy 
or direction, are dangerous to use in measurements of both primary 
radiation of an unknown half value layer, or direction, and all kinds of 
effective doses, or dose rates, 7. e. with secondary radiation included. 

From the test results briefly described above it may be concluded that 
the measuring properties of the chamber unit considered are in fairly good 
accordance with what may be reasonably required for the type and pur- 
pose in question. With the background formed by these results a survey 
of the results obtained at the calibrations against four national free-air 
standards are now given. The substandard described has been in use 
since 1946. In the period between 1946 and 1952 it has been repeatedly 
calibrated against the free-air standard of this institute. The calibration 
results, 7. e. the calibration factors, are always given in r per volt drop 
in potential in the substandard. The average values of the calibration 
factors obtained in the period 1946 to 1952 are plotted against the HVL 
in mm copper of the beam in Diagram 2, section A. In June 1953 the 
substandard was calibrated in London (at Teddington). Correction was 
then made for the differences found between the British standard used in 
1953 and the Swedish portable standard. The calibration factors obtained 
are plotted in in the same diagram at B. The next calibration was made 
at Frankfurt, in May 1954. The results obtained are given in section C. 
In September 1954, the substandard was again calibrated in the Standard 
laboratory of this institute. The result is given in section D. Finally, the 
results obtained from the calibration in Washington in February 1956 are 
given section E. 

The averages of the respective series of experimental results are given 
in each of the sections of the Diagram 2. It is seen that the curvature of 
the calibration curves is very nearly the same. This is also supported by 
the percentage margins given of each average value. To obtain a more 
correct comparison of the calibration results the factors corresponding 
to the HVL 0.06, 0.1, 0.3, 1.0, and 2.0 mm copper have been taken from 
the sections A to E in Diagram 2. The results are given in Table 4 which 
was demonstrated before the International Commission on Radiological 
Units, Subcommittee I, at the Geneva meeting in the beginning of 
April 1956. The respective averages calculated are given in the last 
column. It is seen that the maximum margin covering the calibration 
series at each HVL is + 1.5 per cent, the average margin being + 1.1 per 
cent. The five average values thus obtained are plotted against the HVL 
in section F of Diagram 2. 

31—-573088. Acta Radiologica. Vol. 48. 
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The calibration results presented refer to the most general conditions, 
a. e. calibration against a number of national free-air standard chamber 
installations. They show that the constancy of the substandard, the 
electrometer unit included, is remarkably good, and that it can be taken 
abroad over long distances without changes occurring in the measuring 


properties. It has been used in Sweden as a portable substandard for a 
period of more than ten years. 
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SUMMARY 


The design and measuring properties of a substandard condenser dosemeter is 
described. The instrument has been used for about ten years, during which period it has 
been calibrated against four national free-air standard chambers. Some test results and 


the calibration factors obtained are presented. The series of calibration factors agree 
within + 1.5 per cent. 


ZUSAMMENFASSUNG 


Die Ausfiihrung und die Messeigenschaften eines Substandarddosimeters wird 
beschrieben. Das Instrument ist etwa 10 Jahre lang benutzt worden und wihrend dieses 
Zeitraumes ist es gegen vier nationale Standardkammern kalibriert worden. Einige Priif- 
resultate und die erhaltenen Kalibrierungsfaktoren werden vorgelegt. Die verschiede- 
nen Reihen von Kalibrierungsfaktoren stinimen innerhalb + 1.5 % iiberein. 


RESUME 


Les caractéristiques d’un dosimétre 4 chambre condensateur qui peut servir d’étalon 
secondaire sont décrites. Cet appareil a été utilisé pendant 10 ans environ, il a été étalonné 
durant cette période a l’aide des chambres étalons 4 parois d’air, installées dans 4 labora- 
toires nationaux. On présente les résultats et les facteurs de correction obtenus. Tous ces 
facteurs de correction sont groupés & l’intérieur d’une limite de + 1.5 %. 
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FROM ECOLE NORMALE SUPERIEURE (DIRECTOR: PROF. Y. ROCARD), PARIS, FRANCE, 
AND NATIONAL BUREAU OF STANDARDS, WASHINGTON, D. C., U. S. A. 


INTERCOMPARISON OF FRENCH AND U. 8. 
ROENTGEN RAY STANDARDS 


by 
A. Allisy, L. DeLaVergne and H. O. Wyckoff 


In 1931, the primary roentgen standards of France and the U. 8. were 
compared (4) at the laboratory of Doctor I. Sotomon at Saint Antoine’s 
Hospital. This French standard has been replaced by an instrument at 
the Laboratoire Central des Industries Electriques (L. C. I. E.). In addi- 
tion, another primary instrument whose characteristics are calculable has 
been installed at Ecole Normale Supérieure (E. N.8.). 

As a first step in assuring uniformity of dose measurement throughout 
the world, the International Commission on Radiological Units and 
Measurements (ICRU) has recommended (3) that the various primary 
roentgen standards be periodically compared. In order to accomplish the 
comparison of the E. N.S. standard with those of other countries, a 
small transfer instrument was constructed at E. N. 8. This instrument was 
designed to be portable and to require a minimum of set-up time at each 
laboratory where it would be compared with the primary standard. The 
precision of the transfer instrument is of the order of a tenth of a per- 
cent which we find suitable for obtaining a worth while intercomparison. 

In July, 1956, the transfer instrument was calibrated with the primary 
standard of the U. 8. at the National Bureau of Standards (NBS). During 
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Fig. 1. Section view of the ionization chamber. 


September and October, 1956, the transfer instrument was calibrated by 
the primary standard at Ecole Normale Supérieure under identical con- 
ditions. In addition, a third calibration was made of the transfer instru- 
ment at NBS in October, 1956. In accordance with the recommendation 
of the ICRU, the results of these comparison measurements are being 


published. 
Transfer instrument 


The transfer instrument consisted of a small ionization chamber in 
which the air is ionized, and a capacitor and null electrometer to measure 
this ionization. 

In order to correct for any possible change in the ionization volume of 
the instrument, it was desirable to construct it so that periodic checks 
could be made. In the present instance, this was accomplished by limiting 
the area of the beam with the same diaphragm used by the primary 
standard and by measuring the length of air path through which this 
beam passed. Fig. 1 shows a section view of the ionization chamber. Two 
metallic discs, F and F’, are separated with a collar, B. The front disc, F, 
holds the diaphragm which contains a section of tungsten alloy as shown 
in the figure. The inner diameter of this alloy insert, measured with the 


re 
at 
li- 
aut 
id 
ry 
1e 
a 
is 
h 
1e 
n. 
y 


486 A. ALLISY, L. DELAVERGNE AND H. 0. WYCKOFF 


Fig. 2. Arrangement for measure- Fig. 3. View of the capacitor and 
ment of the spacing between the the null electrometer for measure- 
two colloidal graphite coatings. ment of the ionization. 


help of a caliper gauge, lies between 0.8011 and 0.8012 cm. The rear dise, 
F’, is provided with an extension which permits it to be centered on the 
front face of the primary standard, in place of the diaphragm. A lucite cylin- 
der is fastened to each of the discs, F and F’. The outer side of each of these 
is hollowed out to reduce roentgen attenuation and back-scattering. The 
resulting thickness is about 0.8 mm. The periphery of each lucite cylinder 
is polished to provide insulation between the colloidal graphite coating 
on the inner face and the outer face which is fastened to F or F. Electrical 
connection is made to each of these graphite electrodes through insulators 
in B. The front electrode connects to the electrometer and the back one 
to the collecting potential of 180 volts, by means of a similar connection 
(not shown in the drawing). 

The two colloidal graphite coatings are parallel to each other and 
perpendicular to the roentgen beam. The spacing between them must 
be known with great accuracy. It was measured with the help of a com- 
parator and gage blocks of known thickness, by determining the thickness 
of the collar, B, and the thickness of the lucite cylinders, respectively. 
The arrangement for these measurements is shown in Fig. 2. The gap 
between the graphite coatings was determined at many points. (In the 
true centre, some care must be exercised because of the possible deforma- 
tion of the windows under comparator pressure.) The mean separation is 
equal to 1.0056 cm, with a maximum deviation of not more than 4 
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to the| Chomber 


Diagram 1. Null electrometer circuit. 


microns. This spacing changes with temperature at a rate of about 0.5 
micron per degree centigrade. As the temperature never varied by more 
than 5° C during the measurements, the volume change was negligible. 

The electrometer used for the calibration of the transfer instrument 
is the same as that used for measurements with the E. N.S. primary 
standard. The only modification in the charge measuring system was the 
use of a smaller capacitor to make it more easily transportable. This 
capacitor was calibrated in France before starting the roentgen measure- 
ments and calibrated again at the NBS in July 1956. These values agreed 
to within 0.1 percent, and the adopted value was 202.45 picofarads. 

Diagram 1 shows the electric circuit. A series of wire wound re- 
sistances (P, Ri, Re, Rs, Rs) with small temperature coefficient is connect- 
ed to the plugs MN of a 12 volt storage battery. This chain also includes 
the filament of the electrometer tube which is thus well stabilized. The 
resistance of P is chosen so that when the specified filament current is 
flowing, the potential drop across P is equal to that of a Weston standard 
cell, E (nominally 1.0184 volts). The current is adjusted by means of Rs 
so that the galvanometer connected at G’ reads zero. 

The potentiometer, P, supplies the variable balancing potential to 
the condenser, C, so that the grid may be maintained at a fixed potential 
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Table I 
Experimental conditions of measurement 


Common conditions Corrections used with the 


Washington Paris French Standard Chamber 
Tube Additional Air Plate Contribution 
filtration HVL absorption separation of scattered 
kV mm? % % photons % 
60 0.08 Cu 0.9 0.2 
or 2.6 Al 
100 I Al 0.19 Cu 0.6 0.13 0.2 
150 0.23 Cu 0.61 Cu 0.44 0.82 0.17 
+I1Al 
200 0.5 Cu 1.2 Cu 0.36 1.38 0.15 
+I1Al 


1 Inherent filtration 3 mm Al. 


while collecting ionization. It is convenient to start exposures with the 
bottom plate of the condenser (Diagram 1) at the potential of P, and to 
end it at the potential of P,. Then during the exposure the condenser 
potential has increased by 1.0184 volts. 

During the measurements, the galvanometer is connected between 
the plugs, G, (Diagram 1) to indicate variation of the anode current 
in the pentode electrometer tube. When the switch, I, is closed, the grid 
bias produced by R, causes the galvanometer to read zero. The trans- 
conductance of the electrometer is about 7 “A/volt. When the internal 
resistance of the galvanometer is small compared to R, and the galvano- 
meter sensitivity is 10° ampéres/mm, the instrument sensitivity becomes 
0.7 mm on the galvanometer per millivolt on the grid. This instrument 
sensitivity is sufficient to give the required accuracy. Although a photo- 
electric cell can be used to start a chronometer as the galvanometer light 
spot crosses zero, this refinement was not necessary during measurements 
at the NBS because exposure times were about 3 or 4 minutes. It was used 
for some measurements made in Paris. 

When an exposure is to be started, the potentiometer, P, is set at P,, 
and then the switch, I, is opened. During the exposure, as the capacitor, C, 
collects charge, the galvanometer spot is maintained at zero by adjusting 
the potentiometer toward P,. The time is measured for the condenser to 
be charged to a potential of 1.0184 volts. Special end contacts were pro- 
vided at P, and P,. Fig. 3 is a view of the electrometer and condenser, 
showing the coaxial cable which connects to the ionization chamber and 
also a flexible control cable for switch, I. 


n 
d 
n 
: 


INTERCOMPARISON OF FRENCH AND U.S. ROENTGEN RAY STANDARDS 


Tube potential 
kV 


Table II 


Correction factors of the transfer instrument 


Correction factor 


Correction factor 


Correction factor 


NBS July 1956 E.N.S. Sept. 1956 NBS Oct. 1956 
60 1.077 + 0.001 1,076 + 0.001 1.076 
100 1.117 + 0.001 1.117 + 0.001 1.116 
150 1.133 + 0.002 1.129 
200 1.117 + 0.001 1.116 + 0.002 1.117 
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Measurements and comparison 


The roentgen ray qualities at E. N.S. and at NBS were made as 
nearly identical as possible because the calibration factor of the transfer 
instrument is energy dependent. The first three columns of Table I give 
details of the roentgen beams used. The roentgen tube potential was 
measured in each laboratory with the help of a resistance chain. The 
inherent filtration at E. N.S. of 2.5 mm of aluminum, was increased to 3 
mm in order to make it the same as at NBS. Under these conditions, a 
satisfactory agreement in half value layers was obtained between the two 
laboratories. 

The measurement conditions during the three calibrations were as 
follows: 

1. Washington, July 1956. Having determined the output of the 
roentgen generator with the help of the free-air chamber, the time nec- 
essary to produce a known quantity of electricity in the volume of the 
transfer instrument was measured. The diaphragm, the electrometer 
and the capacitor used in this measurement were those used with the 
E. N.S. free-air chamber. The temperature and pressure within the 
transfer instrument were assumed to be the same as those in the primary 
standard. This assumption is reasonable when the temperature remains 
approximately constant in the laboratory and the current through the 
guard wires of the free-air chamber does not appreciably increase the 
temperature. 

2. Paris, September—October 1956. The principle of the measurement 
was the same. The amount of electricity produced by the radiation in the 
free-air chamber and in the transfer instrument was measured successively 
with the same apparatus. The diaphragm used in both cases was identical. 
The centering of the transfer instrument was especially easy, the disc F” 
(Fig. 1) being screwed directly on the front face of the free-air chamber. 

3. Washington, October 1956. The measurements made in July were 
repeated. The amount of electricity produced in the E. N. 8. ionization 
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Table III 
Dose rate ratios, E. N.S. to NBS standard 


Tube potential E.N.S./NBS E.N.S./NBS 
kV July 1956 Oct. 1956 
60 0.9991 1.000 
100 1.000 1.0009 
150 1.0035 
200 0.9991 0.9991 


chamber was measured with an NBS electrometer and condenser instead 
of the KE. N.S. instrument. 

The sensitivity of the E. N. 8. primary instrument was computed from 
its geometry and known correction factors. The magnitude of these 
corrections is shown in Table I. Similar factors have already been published 
for the NBS chamber (1, 5). The same air attenuation coefficient was 
used for the E. N.S. and NBS primary standards. The E. N. 8. standard 
has an insufficient plate separation for the electrons to lose all the energy 
in air. (The plate spacing is 12 cm, the height of the plates is 15 cm.) 
The corrections effected in order to compensate the resulting ionization 
loss are those given by Attrx and L. DELAVERGNE (2). The error intro- 
duced by the photons scattered in the air space in front of the measuring 


volume and producing ionization in this volume has been taken into 
account (6). 


Measurements in each of the laboratories gave the correction factor 
by which it is necessary to multiply the transfer instrument reading 
(expressed in esu/cubic centimeter of normal air) in order to obtain the 
exposure dose in roentgens. 


Results and accuracy 


Table II gives the various correction factors obtained for the transfer 
instrument. It is easy to see that the agreement is excellent. The various 
correction factors indicated in Table II are average values. The errors 


shown are maximum deviations; for each series of measurements, they 
were: 


1. Washington, July 1956: (variations in a single determination) 
Measurement with the primary standard ........ less than 0.1 % 
Measurement with the transfer instrument ................ 0.1% 
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2. Paris, September—October 1956: Several determinations were made 
over a period of about two months. The deviations of the readings were 
about the same as above except for the point at 200 kV where the measure- 
ments were more difficult because of output fluctuations. 


3. Washington, October 1956: (variations in a single determination) 
Measurement with the primary standard ........ less than 0.1 % 
Measurement with the transfer instrument ................ 0.2 % 


The ratios of the correction factors for the transfer instrument meas- 
ured at E. N. 8. and NBS are shown in Table III. These ratios compare 
the responses of the E. N. 8. and NBS standard chambers. The excellent 
agreement between the values suggests that the corrections applied to 
both the E. N. 8. and NBS standard chambers are valid, since they differed 
by as much as 1 %. 

The success of the transfer instrument indicates that it may be useful 
for future intercomparisons. It can easily be adapted to use the beam 
defining diaphragms of different national laboratories. In particular, it 
will be useful for checking the primary standard now under development 
for the Laboratoire Central des Industries Electriques. 
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SUMMARY 


Exposure dose measurements effected with standard chambers of the U.S. A. and 
France were compared with the help of a transfer instrument, which is described. The 
intercomparison was effected in the 60 to 200 kV region. The agreement between the 
American and French measurements was excellent. 


ZUSAMMENFASSUNG 


Bestrahlungsdosismessungen mit den Standardkammern von U.S. A. und Frank- 
reich sind mit Hilfe eines oben beschriebenen transportablen Gerites verglichen worden. 
Die Untersuchung wurde im Gebiet von 60 bis 200 kV durchgefiihrt. Die Ubereinstimmung 
zwischen den amerikanischen und franzésischen Messungen war ausgezeichnet. 
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RESUME 


Les mesures de doses d’exposition effectuées 4 l’aide des chambres étalon des Etats 
Unis et de France ont été comparées a l'aide d’un instrument de transfert qui est décrit. 
L’intercomparaison a été effectuée dans la région de 60 4 200 kV. L’accord entre les 
mesures américaines et francaises était excellent. 
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REPORT ON AMENDMENTS DURING 1956 TO THE 
RECOMMENDATIONS OF THE INTERNATIONAL COMMISSION 
ON RADIOLOGICAL PROTECTION 


Presented by 


Sir Ernest Rock Car.inc (Chairman), W. Bryxs (Secreteray), L. Bugnarp, G. Faria, 
H. Hotruusen, J. C. JAcopsen, R. G. JAEGER, V. W. Mayneorp, K. Z. Moraan, R. M. 
SrevertT, R. 8. Stone, L. 8. Taytor 


When the International Commission on Radiological Protection met in Geneva in 
April 1956 before the 8th International Congress of Radiology in Mexico in 1956, major 
amendments to the 1954 recommendations were adopted concerning the basic concept 
of maximum permissible radiation exposure levels. A report was sent to the Executive 
Committee of the Congress, stating briefly the most essential points in reports from the 
Committees on special subjects. It was hoped that amendments to the recommendations 
published in 1955 would be made available within a short time, but as detailed new in- 
formation was continuously received and prepared by some of the Committees, the final 
issue was deferred to make allowance for the most recent knowledge. 

At present the Commission does not consider it possible to publish completely re- 
vised recommendations until the summer of 1958.1 As, however, no official statement of 
the Commission has been issued since 1955, and the amendments made during the Geneva 
meeting are essential and imply substantial limitations of the maximum permissible ex- 
posure levels earlier recommended, the Commission has considered it advisable to 
promulgate the major points of the amendments which were adopted in Geneva. 


a) Amendments to the Recommendations on ‘Permissible dose for external radiation” 
(To be read in conjunction with the 1954 recommendations as published in the Brit. J. 
Radiology, Suppl. No. 6, 1955) 

Paragraph A. VI. 1 reads unmodified concerning the exposure of occupational workers. 
For the definition of terms like ‘‘permissible” dose level the reader is referred to Chapter 
B of the 1955 recommendations. 

For paragraph A. VI. 2 the following two paragraphs were substituted: 


2. For population groups 


The recommendations of the I. C. R. P. formulated at its meeting in 1953 and pub- 
lished in 1955 dealt primarily with the protection of persons occupationally exposed to 
ionizing radiations and to radioactive material. The Commission recognized, also, its 


1 The I.C.R.P will meet in March, 1958, and it is very likely that its recommendations will 
then be further amended and amplified. 
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responsibility in regard to the protection of persons who might be exposed unknowingly 
in the neighbourhood of a plant or source of radiation, and recommended that ‘‘in the 
case of the prolonged exposure of a large population, the maximum permissible levels 
should be reduced by a factor of ten below those accepted for occupational exposure”. 
It was envisaged at the time that in any practical case only a relatively small number 
of individuals in the immediate surroundings of an installation would be in the 10% 
zone and the bulk of the large population would receive much less radiation. It has come 
to the attention of the Commission that this provision may be misinterpreted and, there- 
fore, a more explicit recommendation is now made in terms of ‘‘controlled”’ areas. 

A controlled area is one in which the occupational exposure of personnel to radiation 
or radioactive material is under the supervision of a radiation safety officer. 

For such personnel the maximum permissible levels of exposure are those specified 
for occupational exposure. In the case of prolonged exposure to radiation from external 
sources, the maximum permissible levels for occupational exposure are represented by 
weekly doses of 600 mrem in the skin and 300 mrem in the blood-forming organs, the gonads 
and the lenses of the eyes. In the case of prolonged exposure to radioactive material that 
may enter the body, the maximum permissible levels of exposure are represented by the 
concentrations in air and water given in Table C. VIII of the 1954 report of Sub-Com- 
mittee II. 

For any person in any place outside of controlled areas the maximum permissible 
levels of exposure are 10% of the occupational exposure levels. Under the conditions at 
present envisaged, the regions in which the 10% level might be reached would contain 
a very small fraction of the population and, therefore, the average organ doses per indi- 
vidual of the whole population would be very much lower than 10° of the maximum 
permissible organ doses for occupational exposure. (See also statement on genetic effects.) 


3. For the entire population 


The use of nuclear reactors for power production involves waste disposal and dis- 
persion of radiactive material that may affect large sections of the population. The rap- 
idly expanding use of radioactive materials in science and industry subjects more and 
more people to exposure to radiation. Therefore, genetic damage assumes greater impor- 
tance. Designers of nuclear power plants and others concerned with the peaceful applica- 
tion of atomic energy, cannot plan for the future in the present state of uncertainty as 
to what the genetic problem may mean in terms of a permissible level for the whole popu- 
lation. Realizing the importance and urgency of the matter, and cognizant of its respon- 
sibility to the public, the Commission has decided to accelerate its study of the problem 
in order to be able to recommend in the near future a maximum permissible ‘genetic 
dose” applicable to the whole population. In the meantime those concerned with the 
problem may be guided by the following statement: 

When genetic aspects of the effects of radiation are considered, the,dose received by 
the whole population is of importance. Scientific data derived from human as distinct 
from experimental animal populations are so scanty that no precise permissible dose 
for a population can, at present, be set. The available information is being assessed by 
the Commission and other groups including geneticists. Until general agreement is reached, 
it is prudent to limit the dose of radiation received by gametes from all sources addi- 
tional to the natural background to an amount of the order of the natural background in 
presently inhabited regions of the earth. 


The following sentence was added after 3. on page 20: 
4. In exceptional cases in which it is necessary for a person to receive in one week more 
than the basic permissible weekly organ doses, the unit of time may be extended to 13 
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weeks (1/4 year), provided that the total dose in any organ accumulated during a period 
of any 13 consecutive weeks does not exceed 10 times the respective basic permissible 
weekly dose. 

The following new sections were added to Chapter B, where the former 
sections IV and V became VI and VII respectively: 


IV: Statistically detectable effects 


The definitions of permissible dose and permissible weekly dose are based on possible 
bodily injury manifestable in the lifetime of an individual. Since any such injury to a 
particular person that might result from exposure at present permissible limits would 
be very slight, and in view of large biological variations that always exist, certain types 
of injury cannot be detected in a single individual. This is particularly true in the case 
of a possible shortening of the life span. Therefore, it becomes necessary to consider in- 
juries that become significant only when large groups are examined statistically. 

The recommended maximum permissible weekly doses and the modified values for 
special circumstances, permit a desirable degree of flexibility for their application. In 
practice it has been found that in order not to exceed these maximum limits and also to 
comply with the general recommendations of the Commission “‘that exposure to radiation 
be kept at the lowest practicable level in all cases”, a considerable factor of safety must 
be allowed in the design of protective devices and operating procedures. Therefore, under 
present conditions, it is expected that the average yearly occupational dose actually re- 
ceived by an occupationally exposed person, would be about 5 rems and the accumulated 
dose in the employment period up to 30 years of age would be about 50 rems. Accordingly 
the Committee recommends continuation of the present conservative practice as regards 
doses actually received by occupationally exposed personnel, to keep the accumulated 
dose as low as practicable, especially up to age 30. 


V: Pregnant women 


Since it is known from animal experiments that the embryo is very radiosensitive, 
special care should be exercized to make sure that pregnant women are not occupationally 
exposed under conditions in which, through some accident or otherwise, they may be ex- 
posed to large doses of penetrating radiation. When the exposure cannot exceed the 
basic permissible weekly dose, however, no special provisions need be made. 


b) Amendments to the recommendations on ‘‘Permissible dose for Internal radiation” 


It was proposed that the maximum permissible weekly dose for occupational exposure 
continue to be 0.3 rem for all organs of the body with the exception of the gonads and the 
total body. In cases in which the gonads are the critical body organs, the maximum per- 
missible weekly dose was reduced to 0.1 rem in order to limit the gonad dose to not more 
than 50 rem before the age of 30. This reduction was made with the intention of pre- 
venting damage to man during his most reproductive period. In the cases where the total 
body is the critical organ the maximum permissible weekly dose was again set at 0.1 rem. 
This reduction will limit the accumulated dose in the total body up to the age of 60 to 
not more than 200 rem and is intended to reduce the probability of damage resulting 
from total body exposure, e. g. reduce the probability of leukaemia and reduce the possi- 
bility of shortening the life span of the individual. 
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BOOK REVIEW 


QUANTITATIVE ROENTGENOLOGIC STUDIES ON CHANGES IN MINERAL CONTENT OF BoNnE 


1n Vivo. By Karl-Ake Omnell. 86 p., 26 ill., 11 tables. Acta radiol. Suppl. 148 (1957). 
Sw. Kr. 25: —. 


Many attempts have been made to utilise roentgenography for quantitative analysis 
of bone tissue or bone salt in vivo in health and in disease, but proper evaluation of the 
results obtained requires knowledge of the accuracy of the procedures employed. 

The present investigation is concerned with the theoretical background of a roentgeno- 
graphic photometric method for quantitative analysis of bone salt in vivo as well as the 
application of this method (with reproducible projection) to a study of the changes in 
mineral content of experimentally produced lesions in inter-dental bone septae in dogs. 

After a survey of the literature, the attenuation of roentgen radiation in matter 
is outlined and mass absorption coefficients of some elements, compiled for the energy 
range 15 to 100 keV, are given. 

The elementary composition of soft animal tissue and bone is described and the 
attenuation of the roentgen rays in these tissues is discussed. As far as attenuation is 
concerned, a bone and the soft tissue surrounding it can, within the energy range used in 
diagnostic roentgenography, be conceived as consisting approximately of two compo- 
nents, hydroxyapatite and water. 

The theoretical background of quantitative analysis of bone salt in vivo using a step 
wedge reference object (aluminium) is presented. The aluminium equivalent of bone 
(i. e. the amount of aluminium that attenuates roentgen radiation to the same extent 
as the bone) can be determined by measuring the amount of light transmitted through 
its roentgenogram as compared with that transmitted through the roentgenogram of 
the aluminium step wedge. This can be done by plotting the photometric deflections of 
the steps in the reference object as a function of the weight per unit of area of the differ- 
ent steps. With the aid of the calibration curve so obtained, the photometric deflection 
for bone is converted to weight per unit area of aluminium. 

From a theoretical point of view, a quantitative analysis of bone salt in vivo can be 
made in three ways: a) relative determination utilising one energy of the radiation, b) ab- 
solute determination using one energy of the radiation when the thickness of the object 
is known, and ¢) absolute determination utilising two different energies of the radiation. 
Formulas are given for calculation of the amount of bone salt according to each of these 
three principles. 

Because of complications introduced by scattered radiation, however, it is possible 
in conventional roentgenography (7. e. using a wide beam), to study only changes in the 
mineral content of bone within one and the same object by measuring the changes in the 
value of the aluminium equivalent. 

This procedure was investigated with an apparatus permitting repfoduction of the 
inter-relationship between the positions of the roentgen tube, object, and film from one 
examination to another when dogs’ lower jaws were roentgenographed. 

A detailed analysis of the sources of error of the method is presented along with the 
results of an experimental determination of the main errors. 

Diagrams are given of changes in the aluminium equivalent of bone plotted against 
time in weeks when inter-dental bone septae had been experimentally damaged. The dia- 
grams show that bone repair and destruction over a period as short as one week can be 
demonstrated by this method. The series of roentgenograms forming the basis of the dia- 
grams were studied in a stereo-comparator to determine any difference between the roent- 
genograms in each series and to obtain numerical values for any such imperfections. The 
difference was so small that its influence on the aluminium equivalent could be regarded 
as negligible. 
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ACTA RADIOLOGICA publishes original papers 
relating to medical radiology and nuclear medicine. 
The articles are printed in English, French or Ger- 
man according to the wishes of the author. Contri- 
butions from all countries are accepted but priority 
is given to those from Scandinavian sources. Papers 
are published on the clear understanding that they 
are contributed exclusively to Acta Radiologica. They 
are subject to editorial revision and the right is re- 
served to introduce such changes as may be neces- 
sary to make the contributions conform to the edi- 
torial standards but Acta Radiologica does not hold 
itself responsible for any statements made or opi- 
nions expressed by authors. Contributions should be 
as concise as possible. Papers of more than 24 pages, 
including space for figures and tables, cannot be 
accepted for publication without special permission 
from the Editor. More extensive articles may be pub- 
lished as supplements at the author’s own expense. 
These are not subject to editorial revision. Contribu- 
tions from Denmark, Finland and Norway should 
be forwarded to the Sub-Editors of the respective 
countries, others direct to the Editorial Secretary, 
Acta Radiologica, Stockholm 2, Sweden. 

Contributions must be typewritten with double 
spacing (at least 1 cm between each line) and ade- 
quate margins; a short summary should be included 
with each. All typescripts should bear the name and 
full address of the contributor. A copy should always 
be retained by the author so that it may be available 
in the event of the origin being lost in transit. Altera- 
tions to print are costly and, with the exception of 
small corrections, will be charged to the author. Foot- 
notes should be avoided as far as possible, since they 
break the reading of the text and are expensive. 


Illustrations and tabular material should be un. 
mounted and attached to the typescript in an in- 
dividual cover. Numbering should be indicated in 
pencil lightly on the back and never appear on the 
front. The illustrations must be provided with suitable 
short legends and so worded that they are comprehen- 
sible without reference to the text. These legends 
should be typewritten on a separate sheet and not 
under the respective figures. Care should be taken that 
the illustrations only show the necessary details and 
essential features. Drawings and charts for reproduc- 
tion should be in black (never in blue). The Editor 
reserves the right to reduce the size of illustrations 
as considered appropriate. 

A bibliography must be added and the references 
should be arranged in alphabetical order of the 
author’s name followed by his initials, full title of 
the paper and name of the journal — abbreviated 
according to Fishbein: Medical Writing or the 
Quarterly Cumulative Index Medicus. The volume 
number, year and number of first page of article 
should follow. Reference to books and monographs 
should indicate the author, the title, the edition, the 
name and city of the publisher, and the year of 
publication. 

Example: 

Tmuincer, K. G.: Papillary cystadenolymphoma. 
Acta radiol. 28 (1947), 241. 

CaFFEY, J.: Pediatric X-Ray Diagnosis. Second Edi- 
tion. The Year Book Publishers, Chicago 1950. 

Fifty reprints will be presented to the author or 
divided among joint-authors. Additional reprints may 
be purchased at cost price but the necessary order 
must be given when the proof is returned. 


Annual subscription rate 70 Sw. Kr. (plus 6 Sw. Kr. postage outside 

Scandinavia) payable in advance. ‘Two volumes, each of 6 numbers ap- 

pear annually. Single copies 7 Sw. Kr. (plus postage Sw. Kr. 1:—). The 

subscription will be considered automatically renewed if not cancelled at 
the latest 10 days before the publication of a new volume. 


All communications in regard to advertising, subscriptions, change of 
address, etc., should be sent to Acta Radiologica, Stockholm 2, Sweden. 


KUNGL. BOKTR. STHLM 19586 


the elema 
bi-plane 
film changer 


in- 
d in for angiocardiography gidlund system 
| the raph 
able angiog y for simultaneous exposures in two 
aortography planes, 
sade horizontal plane 12" x 14" 
on vertical plane 12" x 12" 
that 
on picture frequency variable 
“a from 1 in 10 seconds 
iis up to 8 per second, or 

if preferred up to 
ances 
the 
> of 
- exposures per second 
ime 
icle 
phs consult us whether the 
the X-ray unit in your 
of department is suitable 

we can also supply 
na. X-ray units 

high pressure syringes 
di- catheters 

electrocardiographs 
electromanometers 
ay oximeters 
les roll film processing units 


viewing boxes etc., etc. 


our high power X-ray units with electronic contac- 
tors and automatic control are especially suitable 
for use with the film changer 


for further 
information 
write to 


ELEMA INDUSTRIVAGEN 23, STOCKHOLM eSOLNA SWEDEN 
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EDICHA- PARIS 


THE POLYTOME 


THE POLYTOME of SANS & 
PORCHER, a universal apparatus 
for sectional radiography, com- 
bines the following advantages : 
ALL POSITIONS of the patient. 
Four different obscuring move- 
ments giving different thick- 
nesses of cut. 


Straight line, maximum angle of 
section 60°. 


Two circles, angles of section 
29° & 36°. 


Ellipse, angle of section 40°. 
Hypocycloid, angle of section 48°. 


Orientation of the obscuring 
movement selected. 


Constant enlargement. 
Oblique sections. 


Utilisation for standard radio- 
graphies. 
THE POLYTOME is fitted with the 


new automatic rotating antidif- 
fusion grid. 


G. MASSIOT «: Cie - 37 bis. ®ue de Belfort, COURBEVOIE (Seine) FRANCE 


Cable address : TEUGIDAR COURBEVOIE-FRANCE. 
Telephone : DEFENSE 45-50. 
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22, Rue du Landy - SAINT-OQUEN [ PARIS), Seine - MON. 22-56 


LIPIODOL 


LIPIODOL 


LUIDE 


LIPIODOE TENEBRYL 
 METHIODAL 
TRIODAN 


SF 
DIODONE 


ALA POLYVIDONE 


ACETIODONE 


INTRABILIX 
VASURIX 


ORABILIX 


Agents: DANEMARK: LINDEBURG & RIEMER, 24 Lengangstraede, COPENHAGUE 
NORVEGE: BARFODS — FARMACEUTISKE A/S, Huitfeldtgt. 9 'V OSLO 


LABORATOIRES ANDRE GUERBET 
Speviclistes des Moyens de Contraste isdés 
CE 


PHYSICIST — Senior Staff Position 


Primary responsibility to supervise routine isotope labo- 
ratory and some resident training. Research is encour- 
aged and supported. Experience in clinical uses of radio- 
isotopes desired. PhD. preferred, not essential. Salary 
dependent upon qualifications. For application or fur- 


ther information, please write- 


Dr. J. S. LAUGHLIN Department of Physics, Memorial Center 
for Cancer and Allied Diseases, 


444 EAST 68 STREET, NEW YORK 21, N. Y. 


EXCERPTA MEDICA 


The International Medical Abstract Service published in English and covering 
the whole field of Clinical and Experimental Medicine 


RADIOLOGY 


SECTION XIV 


CONTENTS: In common with experimental sections, attention is paid in the choice of ab- 
stracts to fundamental and technical scientific details. Radiological diagnosis as well as radiolo- 
gical therapy is considered. Physiotherapy in all its various forms is included, in addition to 
strictly radiological subjects. Experimental science, covering the biological implications of radio- 
logy and its allied fields, can also be studied in this section. 


The British Journal of Radiology. 

” . . . The serious student of both diagnostic and therapeutic radiology will find this publi- 
cation essential for keeping abreast of the literature because, indeed, it is impossible to conceive 
of any other way of doing so. The editors, publishers and abstractors, are to be heartily con- 
gratulated on the scope, manner of publication, and quality of the Journal . . . ” 


The subscription rate is £4. 8—s. per yearly volume of approximately 600 pages, including an index 
classified both by author and subject. Write for a prospectus or specimen copy. 


Sole Distributors in all principal countries of the world. 
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Fine shades and distinctions 

seldom count so much as in the 
interpretation of a radiograph... and 
seldom are they more consistently achieved 
than with Glaxo radiological contrast media. 
From this range the preparation 

best suited to your individual 

requirements can be nicely selected. 


DIONOSIL AQUEOUS 
DIONOSIL OILY 


For bronchography. 
Vials of 20 cc. and 100 ce. 


DIONOSIL POWDER 
For increasing viscosity of suspensions if 
desired. Bottles of 2 gm. 


MYODIL 
For myelography and ventriculography 
3 cc. ampoules: boxes of 3 


PYELECTAN 
For intravenous pyelography and venography. 
20 cc. ampoules: boxes of 1 and 5 


PYELECTAN RETROGRADE 
For retrograde pyelography. 10 cc. ampoules 


PYELOSIL 

*35’ and ‘50’—for excretion pyelography 
42.5% —primarily for cerebral angiography 
*70’—for angiocardiography. 

All in ampoules of 20 cc.; 

70% also in ampoules of 50 cc. 


THE ABOVE NAMES ARE ALL REGISTERED TRADE MARKS 


GLAXO LABORATORIES LTD GREENFORD MIDDLESEX ENGLAND 
Subsidiary Companies and Agents in most Countries 
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SUPPLEMENTS 
TO ACTA RADIOLOGICA 


—MONOGRAPHS ON IMPORTANT TOPICS IN MEDICAL RADIOLOGY— 
Latest Supplements 


SUPPLEMENTUM 151 
From the Roentgen Department, Serafimerlasarettet, Stockholm. Sweden 


Radiologic examination of the brain and spinal cord 
by Erik Lindgren 
147 pages and 178 illustrations. Price Sw. Kr. 35:—. 


SUPPLEMENTUM 152 
From the Roentgendiagnostic Department, Karolinska Sjukhuset, Stockholm, Sweden 
Primary tumors of the pelvic bones. A roentgen 
diagnostic study of eighty-three cases 
by Carl Gustav Helander and Ake Lindbom 
6B pages and 48 Price Sw. Er. 
SUPPLEMENTUM 153 


Aus dem Wihuri -Forschungsinstitut und aus dem Institut fiir Gerichtliche Medizin 
der Universitit Helsinki, Finland 


Uber das Vorkommen von Hiatushernien und 
Kardiainsuffizienz in Verbindung mit Pleuraschwarte 


von Olso Kuosmanen 
79 Seiten, 19 Abbildungen und 22 Tabellen. Preis Schwed, Kr. 20:—. 


* 


The supplements may be ordered direct from 


ACTA RADIOLOGICA, Stockholm 2, 
or through your bookseller. 


4 


HAVE YOU SUBSCRIBED TO 


ACTA RADIOLOGICA? 


Founded 1921 by GOSTA FORSSELL 


ACTA RADIOLOGICA, published by the Radiological Societies of 


Denmark, Finland, Norway and Sweden, contain original articles on 


medical radiology and nuclear medicine, in English, French or German, 
every article being furthermore supplemented with summaries in these 
three languages. Each volume contains about 500 pages published in 
six numbers and is richly illustrated. So far, 48 volumes and 153 
supplementary volumes have been published. 


Subscription rate per volume: 4o Sw. Kr.; postage outside 
Scandinavia: 3 Sw. Kr. additional. (Thus annuat 
subscription rate: 86 Sw. Kr.) 


EDITOR: 
ERIK LINDGREN 


NO RADIOLOGIST CAN GET ALONG 
WITHOUT 


ACTA RADIOLOGICA 


Subscriptions to Acta Radiologica, Stockholm 2 (Sweden) 


or through the usual agents. 


Aye 


CURIX 
OSRAY 
DENTUS 
STRUCTURIX 


Agencies 
all over the world 


GEVAERT PHOTO-PRODUCTEN N.V. MORTSEL - ANTWERP, BELGIUM 


you the radielygi 


X RAY FILM 


ths 


Because yours could be the diagnosis to guide the 
surgeon's scalpel, nothing but a precise radiograph 
will do. World-renowned GEVAERT radiographic 
film has proved its dependability through consistently 
fine performance. Its uniformity of quality, brilliant 
contrast, high speed and wide exposure latitude all 
add up to a most accurate analysis. Say “GAVE-ART” 
to be sure. Write for test samples. 


New vistas in 
CINERADIOGRAPHY 
with the 11'' image intensifier 


Cineradiographic wide-field coverage is now made possible through the 
use of the new Philips 11" Image Intensifier. The study of large body 
sections - vital for cardiac, vascular or gastro-intestinal procedures can 
be permanently recorded on motion picture film - a detailed progressive 
history of the processes occurring within the patient. Philips supply 
a complete cine installation which consists of the Camera Unit - com- 
prising an !|" Image Intensifier, Cine-Mirror Camera and 


the UGX Patient Stand or Philips Ring Stand. 
PHILIPS 


oreanisation im your er to Philips, X-ray and 
\\edieal Apparatus Eindhoven, Nei beriancds. 
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The finest 
X-Ray Tubes 
still cost less 
than in 1949 


Continuous research, advanced 
manufacturing techniques and 
modern equipment—these are the 
factors that make Mullard X-ray 
tubes second to none for perform- 
ance and reliability. 

And despite rising prices, 
Mullard X-ray tubes still cost less 
than in 1949. 

This is a good reason why it will 
pay you to specify Mullard when 
next you order X-ray tubes. 


Mullard 


Division| 


MULLARD LTD., X-RAY DIVISION, NEW ROAD, MITCHAM JUNCTION, SURREY, ENGLAND 


TELEGRAMS EMVALCO SOUPHONE 
LONDON ENGLAND 


MXR 50 


4 
A ~ 
MRU 
RUS. 
\ OMRS+ 
MROH 


CAWO 


CAWO-Simultan-Mehrschichtaufnahmen-Komposition 


fiir Simultan-Schichtaufnah bewahrt durch ihre Vorteile: 


@ bis zu sieben schwa gsgleiche, zeichenscharfe Schichtbilder mit 


L 


gutem Kontrast durch sieben Foli ti 
@ Anwendungsbereich ab 60-125 kV 
@ Verwendbar fiir die gebrauchlichen Blenden 
@ Frei wahlbare Schichtabstdnde von Aufnahme zu Aufnahme 


CAWO-Rontgenverstarkungsfolien 
fiir Film- und Papieraufnahmen gewdhrleisten beste Bildgiite in Zeichen- 
scharfe und Kontrast 


CAWO-Rontgenleuchtschirme 


zeigen héchste Zeichenschirfe, kraftigen Kontrast, vorziigliche Helligkeit 


CAWO-Rontgenpapier 


mit sehr guter Detailwiedergabe, kraftigen Kontrast, hoher Empfindlich- 
keit mit breitem Belicht iel 


Fordern Sie bitte unsere Prospekte und Angebote an 


CcCAWO 


Photochemische Fabrik GmbH 
Schrobenhausen/Obb. 


EnsamfGérsaljare for Sverige 


SVENSKA AKTIEBOLAGET PHILIPS RONTGENAVDELNINGEN 
STOCKHOLM GOTEBORG MALMO 


FORTOMBRINE ,,™M” 


Sterile 35% w/v, 55% w/v and 70% w/v solution 
of Methylglucamine 3-acetylamino-2,4,6-triiodobenzoate 


A particularly well-tolerated triiodine compound 
ensuring a more intensive contrast in intravenous 
and retrograde pyelography, arteriography, etc. 


In Great Britain known as Fortoshade ,,M”’; 
in Denmark: Jodozoat Meglumin 


DAGRA LTD. HOLLAND 
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Do You Achieve CONSISTENT Subject Contrast 
and Film Density in Your Radiographs ...7@? 
or...Do Your Vaive Tubes interfere? 


The subject contrast and film density of your radio- 
graphs may vary—even though the KV-MA settings 
are correct for any given exposure, and the Line Com- 
pensator has been properly adjusted. This condition 
may occur if you use semi-obsolete shielded-filament 
high voltage drop valves, employing either pure tung- 
sten or thoriated-tungsten filament wire. Use of the 
high drop valve introduces variables over which you 
may have no control. 


Your equipment was initially calibrated at a given 
value of line voltage; this calibration can be only 
approximated at any other line voltage value if your 
equipment employs valves whose internal resistance 
or voltage drop (KV loss in the valve) varies widely 
with change of filament temperature. Such valve tubes 
can introduce a wide discrepancy between the initial 
calibrated values and the actual values at any given 
moment. The divergence between the actual and the 
calibrated setting may be wide enough to cause un- 
wanted variations in subject contrast and film density, 
the direct result of KV loss at the x-ray tube. 


With the Machlett low drop valves the internal voltage 
drop is extremely low, and completely independent 
of filament temperature over a range sufficiently broad 
to encompass large line voltage variations up to +10% 
(magnitudes of this order are not unusual). 


Only the Machlett low drop valve tube will give you 
consistent subject contrast and film density in your 
radiographs . . . ask your regular X-Ray Dealer for 
further information. 


Following is a table showing the KV loss incurred at the x-ray tube 
as a result of valve tube filament voltage variation. The conventional 
high drop valve is compared to the Machlett low drop valve. 


Conditions: For 100KV—500MA operation. . . . Preset, with rated 
filament voltage on valves. Both valve types, identically 
rated, employ thoriated-tungsten filaments. 


Conventional MACHLETT 
High Drop Valve Low Drop Valve 
Filament X-Ray Tube Filament X-Ray Tube 
Voltage KV MA Voltage KV 
Rated 100 500 Rated 100 500 
+10% 101 500 +10% 100 500 
—10% 85 500 —10% 100 500 


@ACHLETD MACHLETT LABORATORIES, INC, 
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HIGH VOLTAGE TECHRIQUE 


b 


4-VALYE X-RAY APPARATUS : 
WITH ELECTRONIC CONTACTOR. 


1000 mA at 65 kVp 
300 mA at 150 kVp 


filament stabilization. 


mAs and kV. 
2,5—1000 mAs in 27 steps. 
50—150 kV 
0.003—8.0 sec. 


up to 8 exposures per sec. with option 
of 25 per second if required. 
BSSLLCLUCLE up to 4 double focus R.A. tubes. 

| : SPECIAL ACCESSORY UNIT can be supplied for simultaneous 
2-plane angiography. 


ELEMA IMDUSTRIVAGEN 23, STOCKHOLM - SOLNA SWEDEN 
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